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PREFACE. 


The spirit and Wal with wliich Mineralogy and 
the kindred sciences are cultivated in Britain and 
America, and the numerous opportunities afforded 
to the inhabitants of the^ countries of visiting the 
most remote regions of the globe, have made the 
author of the present work anxious to contribute 
his share to the more general diffusion of Mineralo* 
gical Science, by publishing in the English lan- 
guage the elements of a method which places Mi- 
neralogy within the reach of those who wish to be- 
come acquainted with minerals, wnthout the assist- 
ance of lectures or extensive collections. With 
the view therefore of fulfilling the promise of Mr 
Mohs, given in the Introduction to his Character- 
istic, p. \'i., a translation of bis Grundriss der 
Mineralogie is now laid before the English pub- 
lic. The original Work apj)eared in two volumes, 
the first in 18S2, and the second in the autumn of 
18S4. A consideraL^e portion of it was translated 
from the manuscript under the eye of the author, 
and the remainder from the printed sheets which 
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were sen^ over during the progress of publication. 
In consequence of a continued correspondence with 
Profeagor Mohs, and the present rapid progress of 
the SKslence itself* the translator found it necessary 
to make m^^ny alterations, improvements, and addi- 
tions ; so that this Treatise on Mineralogy may t)c 
considered in many respects as a second edition, 
rather than as a mere translation of the original 
work. 

The principles according to which Mineralogy is 
here treated, are so different from those generally 
received, that, in order to prepare the public for 
the reception of his method, the author found it ne- 
cessary to give a full developement of his ideas in 
a Preface of considerable length ; and this was the 
more indispensable, as the second volume was not 
published along with the first. In conformity with 
the views of Mr Mous, the translator has endea- 
voured to attain the same object, by publishing 
in the Transactions of the Royal Society of Edin- 
burgh, and in the scientific journals of that city, 
several papers drawn up in strict accordance with 
these principles, and shewing their application in 
particular cases. *These papers were designed to con- 
vey a just idea of the leading principles of the pre- 
sent work, from which even the substance of some 
of them is extracted. From focse considerations, it 
would be superfluous to give here the translation 
of that part of the German Preface which regards 
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the exposition of the principleii, notwithstanding its 
high importance. It will only be necessary to ad- 
vert to those passages in it, which refer mc»e par- 
ticularly to the arrangement Of some of the de- 
partments of the work itself. 

In the systematic nomenclature, introduced by 
Professor Mohs, and employed in the present 
work, the compoqnd names and denominations 
express the degree of connexion in which the spe- 
cies stand to each other, and faithfully represent 
their resemblance. In the trivial nomenclature,- 
the name applied to the species does not express 
any thing of that connexion, ^nd it must be a 
single word, if it shall be convenient for use, in cases 
where we do not intend to apply it in Natural History 
to any scientific purpose ; consequently those are se- 
lected which, according to the rules of §; S41., may 
be considered as unexceptionable, and are added to 
. the specific characters in the Characteristic, referring 
at the same time to the page of the second and 
third volume, where the species is more amply de- 
scribed, and other synonymes added. Where no 
good trivial names existed, the niynes or denomina- 
tions used by Professor Jameson in the third edi- 
tion of his system, or those adopted by other Mine- 
ralo^cal authors, or by Chemists, have been intro 
duced in their place./ 

The actual employment of the Characteristic .to 
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the purpose for which it is intended, the determina>> 
fion of minerals occurring in nature, cannot He ioo 
strongly reebmmcnded to the be^nner. T^tis alone 
will meke him accustomed to observe with his own 
eyes the ehpracters upon which depend the idendty 
or diffWefice between several species. The present 
vrork is the only one hitherto published, which ena. 
bles those who have studied the Terminology, to 
determine every mineral by a philosophical process, 
althou^ they should never have seen it before. 

The synonymes quoted in the General Descrip- 
tions of the species are confined to a very few 
works. Among .those in the English language, 
the works of Professor Jameson are no doubt the 
prinripal ones. The synonymes selected for the use 
of the pifesent publication are contained in the third 
edition of his valuable System of Mimrahgyi 
Mimttalf in W’hich he has adopted the system 
of the method of Natural History. To these syn- 
onymes are added the names in the third edition of 
Mr Phillips'’ Elementary Introduction to the know- 
ledge of Minerals^ which appeared too late to be 
attended to in th|* German edition. The German 
works noticed, are the System of Werneb, as con- 
tained in the Uqndbuch der Mincrah^ by Hoff- 
mann, continued by Mr Bbeithaupt, and the Sys- 
tem of Professor Hausmanv, these 'works beinjg 
frsnfied according to the fittest ori^hal views. The 
in pai^tieubr, has pttet wlUi a'very gcn’6ral 
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receptjon for a long series of years. The Systeiii 
of Mr Von Leqnhaki) is of a lat?r date, ahd is 
lecommended by its comprehensive references to 
minerelogical works, and other interesti;»§ notices. 
AiSong the French works on Mineralogy, those 
of the Abbd Hau.y have been selected, as bring 
most generally received and understood. The 
nomenclature used in both editions of his TraiU df 
Mtn&redo^, and in the Tableau ComparOft^, may 
of itself be conridered as an abstract of the history of 
his system^ 

The works and memoirs of IVfWsrs Brooke, 
X^Bvr, and Phillips, have been consulted in regard 
to numerous and highly valuable crystalloginphic 
observations on several substances, wluch bed not 
before been examined with sufficient exactness, and 
W'hich were unknown to Professor Mons, at tbp 
publication or tlic composirion of the German ori- 
ginal. 

It was not till the publication of the first vo- 
lume of this work, in 18^S, that the axis of any 
mineral was ascertained, by actual measuremeR^ 
to be in an inclined position towards the hasp; 
and altliough that fact, which was first intro- 
du^d into crystallography by Mr Mohs, is 
there indicated in tb^ characters of ^sotne of the 
sperics, it, had npt yet .been sp> genpi^lly asoervi 
tamed, nor could it be so fully developed in 
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the crystallograplnc department of the work, as it 
requn<es. The formulae which in the German are 
^ven in the Preface, are inserted in this translation 
in their peeper place, but without chan^ng the num» 
bers and distribution of the paragraphs. The names 
and denominations also remain ; in the characters 
alone the necessary changes are made, the expression 
Priimatic in a more general signification being 
employed as including the prismatic, hemi>prisma* 
tic, and tetarto-prismatic forms. In regard to such 
hemi-prismatic forms as have their axis inclined 
to the base, it should be observed, that the angles 

horizontal pr\sms indicated, are those which the 
face of the prism includes with the inclined axis, 
like BAM and B'AM, Vol. I. Fig. 41. 

Those simple forms which have been observed in 
nature, are noted with an asterisk. For these, and 
also for each of the combinations, some locality is 
mentioned in which they have been discovered. In 
a few instances another variety is substituted in the 
translation for one in the original, when a certmn lo- 
cality could be^obtained for an uncertain one, by a 
comparimn with the specimens in the cabinet of Mr 
Auak. 

The letters inclosed and ’printed in italics refer 
to the figures, or to the works of Hauy, sometimes 
also to particular papers, and in this case the title 
of the latter has been nicntioned. Some of the 
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figures represent the combinations, where they are 
quoted themselves ; others are only inmilar to them, 
in so far as they have the same general appearance, 
but different angles. 

r» 

To distinguish the compound varieties from the 
simple ones, is a matter of the highest importance ; 
and they must therefore be kept perfectly separate. 
This is the point where Mineralogy ends and 6eo< 
logy begins, two sdenccs which have nothing com- 
mon with each other. Geology presupposes Mine- 
ralogy ; but it considers the productions of the Mine- 
ral Kingdom in quite another point of view, and 
according to different principles.; without which 
it would not be a distinct science. 

With the enumeration of the compound varieties, 
the General Description of the spedes is completed. 
But there exists besides, a great variety of informa- 
tion in regard to the productions of the Mineral 
Kingdom, belonging in part to Natural History, 
but partly also foreign to this science ; the latter 
nevertheless is generally deemed an essential part 
of a work on Mineralogy. Some^ing of this in- 
formation is contiuned in the Observations added 
. to every species, and which may require here a few 
explanations. 

The first of them properly belongs to the pro- 
vince of Natural History. It comprehends some re- 
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iBapks7<i>niiP)^U4Iograpbic subj)Nta,;;or: 
t<)ry qp<|Bieja» . Here the- species are .alsd^cMn- 
p«re«i, with the .detenninations and, « 4i«iii»onS' 
subspecies and kinds, as contained- in 4he W.ei 7 )e>«. 
rian system, which will enable the reader not gnly 
tQ, understand the prindples of these divisums^ but 
also to form an idea of their contents in reference to 
the varieties occurring in nature. These distinetions 
ai’e not suscepuble of strictness and precision ; the 
only purpose, therefore, in treatuig of tlietn, is to 
convey the ideas witli brevity and distinctness. 

Then; follow some of the cbaaical properties of 
the species^ as mrhibited before the blowjnps^ or 
when acted upon, by acids, > Sic., and one or more 
analyses, instituted by the most celebrated chemists, 
in many cases accompanied by the formulas and cor* 
responding proportions among the ingredients, as 
proposed by Berzelius. To Professor Miischer- 
LiCH the translator is indebted for several interesting 
fa<^ regarding the circumstances under which cer- 
tain species still continue to be formed or may be 
produced at will, in laboratories and furnaces. 

In die third place, something of the. geological 
porition of the species is mentioned; it does not 
contain every thing known in this re^>ect, but only 
so inuclt as will su#ice for giving a general, idea of 
the .iAndes of occurrence in nature^ peculioi* to the 
species.,,: 
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-^h^ tgciAgraphie' distribution of species 

is! of >fo’r less impovtan^ than the di^ihution of 
plants- or anitnalsj ' in which so much depends oh the 
geographic position, climate, soil, the particulMr 
pl^^of growth or residence, 'and other aixhlental 
circumstances. It is the subject of the fourth class 
of observations, wiiich are condned to the state* 
ment of a few idealities only, since it cannot fall 
within the scope of an elementary work to enumerate 
all the localities of the different varieties of the 
species. 


Under the dfth head, some of the applications of 
the spedes are mentioned, and sometimes a sixth 
number is added, containing notices of spedes, 
nearly allied to the one just treated of, but which 
have not yet been received into the system^ Some* 
times one or several of these classes of observations 
are itanting, or joined in a single number. 

The first Appendix, which follows immediately 
after the system, contains such minerals as will 
probably, when farther examined tmd compared, 
be received into the system as paixicular species. 
They are arranged in alphabetical orders and in 
some of them the order, or even the genus, is 
mentioned, to which they will probably be found 
to belong. Their great number cannot surprise 
those who ane aware bow imperfectly many minerals 
^hich were long ago known, have been hitherto exi 
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amined iuad described ; consequently it is less advis- 
able to recrive at once newly discovered minerals 
info the system, when we see that even those deter- 
minations, which were usually considered most 6rmly 
establnhed, have frequently been found, on, more 
accurate examination, to be erroneous. The species 
contained in this appendix must be viewed exactly 
in the same light as the incertoe sedis in the 

natural system in Botany (pot in artificial systems, 
which cannot admit of any appendix), which are 
not included in any of the systematic imities, not- 
withstanding the advantage that the examination of 
one, or of two individuals at the most, should here 
be suificient fpr knowing the species to its full ex- 
tent. 

The properties of the minerals contained in the 
second Appendix arc such, that we cannot expect 
that they will ever form particular species, since 
they are not susceptible of a natural-historical deter- 
mination. Some minerals of this description have 
been enumerated in the Observations annexed to 
those species, to the decomposition of which they 
owe their exis|jphce, as, fur instance, Porcelain-Earth, 
which is noriced under the head of Prismatic Feld- 
spar. 

. The copper-plates, which have been extremely well 
executed by Mr Miller, are intended not merely to 
represent the figures quoted in the general descrip- 
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tions of the species, but also for producing a gene- 
ral survey of the combinations most commonly oc- 
curring among the simple forms found in nature. 
They are disposed in the order of the systems of 
crystallisation, and provided on the opposife page 
with the explanations given in crystallographic signs. 
The figures in the last five plates are not ar- 
ranged in this order, since they were added only 
in the course of printing the work. They refer 
either to some remarkable varieties of species de- 
scribed in the system, or they have been rendered 
necessary by the reception of several species into the 
first Appendix, which had been described by vari- 
ous authors, the greater part of them since the pub- 
lication of the German original. 

In comparing many of these iritli nature, the 
cabinet of Mr Allan, as will appear from the 
frequent references made to it, has afforded the 
translator the most important assistance; and he 
trusts it will not be found out of place, if he embraces 
the present opportunity of expressing to that gentle- 
man, the deep sense he must ever entertain of the 
many marks of kindness he has received from him. 
To him he has not only been indebted for a home 
in a foreign land, but also for much assistance, and 
many valuable observations, in the progress of this 
work. To Dr BuKwsTEa he is under the greatest 
obligations, both for many interesting additions, 
concerning the optical aftd other properties of mi- 
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nei^ls, ahd fdf the perseverance and patience with 
which he has aided him in the correction of the 
pT^ss. Dr Tckner also has ifavoured him occa> 
aonally with his valuable assistance, 

The translator feels it an agreeable duty tQ ac- 
knowledge, in the present place,, that the addi- 
tions to this work, and likewise the papers, which 
he composed previous to it# publication, owe the 
greater share of any merit they may possess to 
Professor Moiis, whose constant tuition in Mine- 
ralogy, since the year 1812 , he has had the good 
fortune to enjoy, and of whose continued friendship 
he has every reason to be proud. 

The following words of Professor Mohs, at the 
end of bis Preface to the first and to the second 
volumes of the original, will form the best conclu- 
sion of these prefatory observations. “ The present 
Treatise oH Mineralogy is founded on piinciplcs so 
** different from those generally received in treatii^ 
** of minerals, being in part in direct opposition to 
“ them, that it i$ not without hesitation that I have 
“ determined IS) lay it before the public. I have 
‘‘ endeavoured to unite accuracy, correctness, and 
“ perspicuity, with as much of precision as I could 
“ command ; yet I am perfectly aware that I have 
“-not everywhere succeeded, and that this Trea- 
“ tise is in many respects imperfect. The task I 
“ had to p^orth was ndthihg less than to apply 
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** with consistency to a whole sqiene^x ja. m@thqd 
^ which, though not new in itself’, bad yet been dis* 
regarded in Mineralogy, and to remove all the 
** difficulties arising from deficiencies I had to 
“ supply, and from errors I had to correct. » This 
« problem, however, requires so much tilUe and 
** labour, that the person who undertakes to re- 
“ solve it, must leave many parts to subsequent 
“ investigadon, while tliosc who judge of the merits 
“ of a first attempt of- this kind, will be disposed 
to relax in the severity <rf’ their criticism. Yet 
I wish that this work may be subjected even 
** to the strictest examination, provided it be can- 
** did, well grounded, and does not omit to con-, 
sidcr, that at the present moment the dispoa- 
tion of the whole must be of greater importance 
than the minuter details of the various depart. 
“ ments of the work. I know none of the im- 
** perfections still to be met with, w'hicb could 
not be removed by future labours, and which 
“ will not soon disappear, if I have been for- 
** tunate enough to call the attention of natu- 
“ ralists towards the exact knowledge of the phy- 
sical qualities of minerals, and tq induce tliem 
to investigate these more closely and accurately 
than has hitherto been customary. Like every 
“ other department of Natural History, Minera- 
** logy is a charming science. But. its. charms are 
j^ounded only upon its exactness; and nothing 
** has a more baneful influepce on the. lienee its^*, 
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“ than a superficial view of it. My only intention 
is to forward the scientific progress of Mineralogy, 
“ wliich is chiefly dependent on the purity of 
method necessary in every science ; on the cor- 
rectuess of principles already demonstrated in the 
other departments of Natural History ; and on 
“ the consistency of the different parts of the science 
among themselves, objects which I have en- 
deavoured to attain. In this condition, Minera- 
logy answers every purpose that can be reason- 
ably expected from any part of Natural History. 
I trust that the results already obtained, however 
insufficient they may be, will induce naturalists 
to take advantage of the first step towards the 
construction of that edifice, of which I have laid 
down the plan in the present Treatise.*” 

Charlotte Square, Edinburgh, I 
25th March, lS2d. j 
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INTRODUCTION. 



§. 1. KATUKB. 

In the sciences, the word Naturfi is used under 
three different significations. In the Jirst, it de- 
notes the general idea'^f the natural bodies alto- 
gether, or the compass of natural existence ; in the 
aecondy the assemblage of die properties of a single 
body, or the constitution and appearances of things ; 
in the ihirdi it is used for expressing the power or 
cause which produces them. 

These significations are contained in the following ex> 
amples. There are bodies in Nature very much resem- 
bling, and yet different from, each other.” “ It is in the 
nature of gold to be ductile, heavy, &c.” Nature pro- 
duces different species of animal, vegetable, and mineral 
bodies.” 


§. 9. NATURAL HISTORY. 

The object of Ncdural History is Nature consi- 
dered as the assemblage of all material bodies. 

The name of Natural History, does not express the es* 
sential properties of the science to which it is applied, and 
has therefore been used in a very improper sense. Na- 
tural History is by no means a historical sdenoe; it has 
no business with accidents or facts, but refers to objects, of 
which it is indiiferent whether they exist contemporane- 
ously or consecutively $ and it considers these objects either 
singly, or in such relations al they are brought into, by 
vot. I. A 
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the application of the science itself. Of tliis kind is the 
connexion produced amongst the natural objects by the 
Theory of the System, or the second principal head of the 
present work. Natural History by no means considers 
those connexions among different bodies, in which some of 
them produce alterations in the others, or contain the causes 
of certain events. 

The peculiar character of History, consists in being a nar- 
rative or a relation of facts, arranged according to the suc- 
cession of time. Natural History has nothing to relate, 
and takes no notice of the succession of events. 

The impropriety of the wonls Natural History, has ex- 
ercised a prejudicial influence upon the developement 
and the progress of the science itself, and has given rise 
to many misconceptions. All these misconceptions disap- 
pear as soon as the notion of Natural History is circum- 
scribed within proper limits. Supposing the existence of a 
definition of Ihis kind, the name of Natural History can 
be retained, particularly since it has not, till now, been 
superseded by another more appropriate expression* 


§• 3. NATURAL-HISTORICAL FROFERTIES. 

The properties of a body, in as far as they arc 
considered and made use of in Natural History, 
arc called Natural^Historical Properties. 

The Natural-Historical properties are those with which 
Nature has endowed the bodies which it produces, pro- 
vided these properties, as well as the bodies themselves, 
remain unaltered during their examination. A body is 
said to be in its natural state, while it continues to shew 
these properties. The natural state of a body is either 
constant, or it is variable during a certain period of time. 
In the first case, Natural History at once selects sucli of 
the invariable properties, as may serve its purpose agree- 
ably to the principles of the science. In the second, it de- 
termines before hand the state of the highest perfection, 
or of the full developement of these bodies, and then makes 
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the same choice. Properties thus selected are the natural, 
historical properties of a body. Hence every natural-his- 
torical property is one of those appertaining to a body in 
its natural state; but every one of the pro{)erties to be 
met with in a body is not on that sole account also a natu- 
ral-historical property. The assemblage of all tlie natural- 
historical properties of a natural production, is its Statural, 
or Natural-Historical quality. 

Properties not subservient to the use of Natural His- 
tory, are considered in other sciences, which, in respect to 
their fundamental principles, entirely differ from that of 
Natural History. 

§. 4 . NATURAL PRODUCTIONS. 

Material Bodies^ in consequence of their being 
produced by Nature, are called Natural Produc- 
tio7is. 

It is Nature alone which produces bodies. Art only 
modifies certain properties of the bodies produced by Na- 
ture. Natural productions, moilified or altered by the as- 
sistance of art, arc called arltficUd productions. A tree is a 
natural production ; a table, into the form of which the 
wood of the tree has been fashioned, is an artificial pro- 
duction. If a gem undergoes a chemical analysis, it ceases 
by that process to be a natural production. If it is cut 
and polished, abstraction being made of its artificial form, 
it still must be considered as a natural production ; whilst, 
ill respect to the form itself, it becomes an artificial one. 

§. S. DESIGN OF NATUSAt HISTORY. 

Natural History considers the natural produc- 
tions as they arc, and not how they have been 
formed. 

Natural History docs not inquire into the mode of for- 
mation of natural productions, but only into their iintu- 
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ral-historical properties, because herein consists the only 
object of its consideration. Yet this is not on account of 
the difficulties, which attend the explanation of the mode 
in which natural productions have been formed, but be- 
cause it acknowledges principles, which entirely exclude all 
ex^fiations of this kind. Thus the principles of Natural 
History fix the extent and the Umits of that science ; 
limits which it cannot transgress without inconvenience. 
Yet it is not thereby too much confined, since whatever 
may thus be excluded, does not belong td Natural His- 
tory itself, but to other sciences. Every addition from 
these would only serve to cdhtaminate the fundamental 
principles of Natural History. It is a matter of the highest 
importance to keep the sciences perfectly distinct from each 
other, and strictly within their respective limits, in order to 
become acquainted with their stronger and their weaker 
parts, and to assist wherever it should be necessary ; but 
the philosopher must not possess them separately. Tlie 
sciences might be compared to working tools set in dif- 
ferent handles, and subservient to difierent purposes. The 
intelligent naturalist is like an ahle artist, who knows how 
to employ them conformably to his design. * 

§. 6. INDIVIDUALS. 

A natural production^ in as far as it is a single 
body, and, as such, by itself fit to be an object ol‘ 
natural-historical consideration, is termed a Natu- 
raUHUtoncaldndividml. 

Natural productions, which are not individuals, or whose 
individuals are no more recognisable, may, nevertheless, 
be objects of examination, according to the principles of 
Natural History. The idea of individuality implies unity 
of form ; and by this an individual becomes an independ- 
ent whole, whose natural-historical consideration does not 
presuppose the existence of, or at least not the con- 
nexidn with, another iildividual. In Natural History, a 
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tree is an individual; not the trunk, nor a branch, nor 
the fruit of that tree. For the first of these is, by itself, 
an object of natural-historical consideration, the others 
only in as fiu: as they are parts of the tree. 

In water and other fluid bodies, individuals are at least 
not observable. Water and other fluid bodies produced 
by {Mature, though whole masses of them (which* may, 
nevertheless, consist of individuals) are without individu- 
ality, on all accounts remain natural productions, and, as 
such, objects of Natural History. 

§. 7 . OaOAMIC AND INOnCANIC NATURAL PRO* 
SUCTIONS. 


The most conspicuous difference which presents 
itself in Natural History, is that which exists be- 
tween bodies either organic or organised^ and inor^ 
ganic. 

An organised body is composed of organs ; that is to say, 
of vessels and instruments suitable to the subsistence, in- 
crement, and reproduction of themselves and of the whole. 
During a certain variable period of time, called L\fc^ 
tlie organised body is beyond the reach of those powers 
which aifcct inanimate matter, if removed from that condi- 
tion. Matter, in as far as it forms a part, or is the pro- 
duct, of an organised body, is called organic matter ; and 
a body consisting of it, an organic body. An inorganic 
body consists of inanimate (not organic) matter. Here the 
powers actuating it, have finished th^ir effect, and are 
therefore in equilibrium ; it exists in itself in an invariable 
state, and can be altered only by external force. Certain 
products of organised bodies, as resins, &c. are not orga- 
nised themselves ; that is to say, do not consist of organs ; 
yet they do not cease to be organic bodies, because they 
consist of organic matter. However, they are not by 
themselves objects of a natural«historical consideration 
(§. 6 .). 
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§. 8. AtllMALS AND PLANTS. 

A farther difierencc takes place among the or- 
ganised natural productions, depending upon their 
mode of generation, subsistence, growth, propaga- 
tion, 'and upon the quality and utility of their or- 
gans. One part of them are termed AnimdlSf the 
other Plants. 


§. 9 . MINERALS. 

There is no such difference among the inorganic 
bodies. The inorganic productions of Nature arc 
altogctlier comprehended under the name of MU 
neraJs. 

Some naturalists have attempted to introduce a distinc- 
tion among the inorganic productions of Nature, similar to 
that mentioned above in respect to the organised bodies ; 
yet the characters upon which this distinction was founded, 
do not refer to those bodies themselves, or to their natural- 
historical properties ; but arise merely from their con- 
nexion with each other, from local relations, &c . ; and 
hence the distinction itself is foreign to Natural History. 

Those inorganic productions of Nature which have been 
separated from the minerals, and provided with a particular 
name, are the AtimisphcnUay or those bodies which constitute 
the atmosphere^ in the same way in which the others form 
the solid parts of the globe. Agreeably to the preceding 
considerations, this difference, the only one between the 
two classes of natural bodies, is quite inadmissible in Natu- 
ral History ; for Natural History docs not consider the na- 
tural productions in so far as they constitute the solid mass 
of the globe, or the fluid mass of the atmosphere, but in 
so for as, taken separately, they possess certain natural-his- 
torical projKTties. Hcnco the atmospherilia cannot be se- 
parated from the minerals. In a subsequent ]»aragra])h it 
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will appear, that a distinction of this kind would be con- 
trary to the very idea of a mineral. 

The Wernerian school has applied the term Fossil to 
those minerals, which constitute the solid part of our globe. 
Commonly this name is given to the remains of organic 
bodies, which are dug out from the earth, as fossil wood, 
fosmil bones, &c.” and this is indeed the right user of the 
expression. The name of a fossil becomes entirely inap- 
plicable, if, agreeably to the principles of Natural History, 
the atmosplierilia are united with the minerals. ]\1 oreover, 
the meteoric masses of iron, being the only varieties we 
know, of the species of octahedral Iron, cannot be called 
fossil bodies. 

§. 10. KATCEAL KINGDOMS. 

Natural History considers the differences men- 
tioned in §. §. 8. and 9.> as the foundation of divi- 
ding the natural productions. Each member of this 
division is called a Kingdom. That division which 
comprehends the animals is termed the Animal; 
that which contains the plants, the Vegetable ; and 
that wliich comprises the minerals, the Mineral 
Kingdom. 

§. 11. DIVISION OF NATUEAL HISTOUY. 

The distinction among tlic natural productions, 
in §. 10., has occasioned a division pf Natural His- 
tory, according to these direc Kingdoms. That 
part of Natural History which coninders the Ani- 
mal Kingdom, is called Zoology ; that which con- 
siders the Vegetable Kingdom, Botany; and that 
whose object is the Mineral Kingdom, Mineralogy y 
or the Natural History of the Mineral Kingdom. 
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Tills division of Natural History, is founded upon the 
ditlercnce of the objects, to which the single parts of that 
science re&r. It has no influence upon the principles and 
upon the method ; or, properly speaking, it is not a conse- 
quence from these, which are identical for all the three 
parts of Natural History* 

There is, however, another division required in Ifatural 
History, which does not depend upon differences among 
the objects considered, but is founded upon the being of 
the science, and is therefore equally applicable in Zoology, 
in Botany, and in Mineralogy. This is the division in 
Detcr^nimtive and Descriptive Natural History, which will 
be explained more fully hereafter. It appears from the pre- 
ceding observations, that respectihg the mineral kingdom, 
Anvrganography does not signify the same as Mineralogy, 
but applies merely to the descriptive part of it. Oryctog^ 
nosy^ however, means the doctrine of what is dug out of 
the earth, that is to say, according to the mode of expres- 
. sion mentioned in §. 9., of the fossils, and cannot therefore 
be applied with more propriety than the other, to the Na- 
tural History of the Mineral Kingdom. 

Mineralogy, or the Natural History of the Mineral 
Kingdom, does not allow of any other subdivision than 
that which has just been considered. Hence Geology is 
not a part of Mineralogy, but of Physical Astronomy ; 
Mineralogical Chemistry is not a part of Mineralogy, but 
of Chemistry ; Economical Mineralogy is not a part of 
Mineralogy, but of Economy ; nor is Mineralogical Geo- 
graphy a part of Mineralogy, but of Physical Geography, 
which belongs tq Physical Astronomy. 


§. 12. PRINCIPAL HEADS OF NATURAL HISTORY. 

The method of Natural History in general, and 
each of its departments in particular, is develop, 
cd under the following heads ; 1. Terminology, 
%. Theory of ihe System^ 3. Nomenclature, 4. Cha- 
racteristic,. 5, Physiography. 
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If this be effected in a general way for all the tlircc king- 
doms, it produces the method of Natural History in gcnc^ 
ral; if applied to each of them^ it gives the method of the 
Natural History of the kingdom concerned. 

As yet, the method of Natural History in general, has 
not been treated of separately, nor is it an object which 
requires to be more circumstantially developed in the pre- 
sent place. This method would be for the whole compass 
of the productions of Nature, what the Fhilosophia Botanica 
of Linnaeus is for the vegetable kingdom. 

The method of the Natural History of any particular 
kingdom, is contained in, that of Natural History in gene- 
ral, and differs ffom the method of the oUier kingdom, 
only by its being applied to different bodies. This will be 
perfectly evident, if we reflect that the different parts of 
Natural History could not be parts of one and the same 
science, should their methods be different. Indeed, the 
method according to which the aggregate of various infor- 
mation, commonly called Mineralogy, has hitherto been 
treated, is different from the method of Natural History 
in general. Mineralogy, however, treated in this manner, 
is not the Natural History of the Mineral Kingdom, but 
is a compound not contained within a single science, and 
which altogether cannot be traced to constant principles, 
by any regular process of reasoning. 


§. 13 . TERMINOLOGY. 

Terminology is the explanation of the natural- 
historical properties, in as far as they are employed 
in recognising, distinguishing, and describing the 
productions of Nature, and in developing those 
general ideas, which the method requires. 

Terminology teaches the language adapted to the pecu- 
liar use of the science, and explains the meaning of what 
has been called the Technical Terms. 

In this scientific language, fixed expressions arc connect* 
cd with accurately determined ideas, and, vice versa^ accu« 
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rately determined ideas with fixed expressions. It is as 
necessary in Natural History, as it is in Geometry ; and it 
may be-said to be in respect to the former, what the Defi- 
nitions are in respect to the latter. In Natural History, 
however, the Terminol(^y has to surmount many more 
difficulties than in Geometry, since it refers principally 
XxTempirtc notions. Hence, the more geometrical ideas can 
be introduced into the mineralogical Terminology, the 
greater advantage will be obtained ; because, by this means, 
its explanations will approach the nearer to the character 
of geometrical definitions. None of the other parts of 
Natural History allow of the antroduction of geometrical 
ideas to so great an extent as the Natural History of the 
Mineral Kingdom. 

§. 14 . THEOaV OF THE SYSTEM. 

TJie Theory of the System determines the idea 
of the Species in Natural History. It fixes tlic 
principle of classification; and upon the idea of 
the spedes, it founds, according to this principle, 
the ideas of the Genus, the Order, the Class, and 
the Kingdom, in both the natural and the artificial 
systems ; the difference of these it likewise indi- 
cates and explains. Lastly, by applying all these 
ideas to Nature, the outline of the system thus con- 
structed, is furnished with its contents, in confor- 
mity to our kn^ledge of the productions of Nature, 
as obtained from immediate observation. 

The Ttieoiy of the Sjstem contains the reasoning, or 
philosophical part of the science, and consists in the pro- 
duction of ideas of a greater extent, than those derived 
immediately from observation. These are the ideas men- 
tioned above. The fundamental proposition, in this part 
of the science, is the following: All ihiiiffs arc identical 
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•whichy in their natural state (§. 3.), 4o not differ from each other 
in any of their properties ; and this may be considered as an 
Axiom in Natural History. This mode of reasoning is com- 
mon to all the three parts of the science. There occur, 
however, differences in respect to the application of these 
ideas to Nature. They arise out of the different qualities 
of the natural productions contained in each of thcf King- 
doms. 

The possibility of introducing mathematical ideas into 
the Terminology of the Mineral Kingdom, is particularly 
beneficial to the establishment of these sj^stematic ideas, 
in as much as their precision, in some measure, extends to 
the latter; and imparts to the most important of them 
all, to the Idea of the Species, a degree of evidence, which 
seems to be wanting in the other kingdoms, both vegetable 
and animal, and which it is scarcely possible to supersede 
by any other considerations. In this part of Natural His- 
tory, the Theory of the System takes the place of the 
Axioms and Theorems of Geometry. 

Tiic name of Classification has been sometimes applied 
to the systematic reasonings in Natural History. Yet, 
properly speaking, classification is only that part of the 
Theory of the System which refers to the idea of genera, 
orders, &c. under which the species shall be finally ar- 
ranged, and in their application to Nature. 

§• 16 . NOMENCLATURE. 

Nomenclature, is the assemblage of rules, ac- 
cording to which Names and Denominations arc 
applied to natural productions. By these names 
and denominations, the ideas of the system arc 
fixed ; or the one can be substituted as representa- 
tives instead of the other. 

The scientific nomenclature in Natural History is system 
maticah Any nomenclature, not systematica], is termeil a 
trivial nomenclature, and dm?s not belong to the science. 
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The necessity of a systematic nomenclature in Natural 
History needs no demonstration. Fundamenium Botanicct 
duplex est: DupoHtio ct Denomination Lixn. PhiL Bot. 
151. The systematical nomenclature is the base upon 
Mriiich the existence and^ the progress of the science is 
founded, which, without it, must &11 into confusion. This 
is more obvious, indeed, in Zoology and Botany, than in 
Mineralogy, yet by no means less true in this part of 
Natural History, as is sufficiently {troved by long conti- 
nued experience. 

No systematical nomenclature has hitherto existed in 
Mineralogy ; and even the fragments of it, to be met with 
here and there, do not deserve* our attention, because they 
refer to systems foreign to Natural History. 

Trivial names* are not fit for any scientific use, but they 
are very convenient for common usage, particularly if they 
are well chosen. 

§. 16 . CHAEACTSEISTXC. 

The Characteristic furnishes us with the peculiar 
terms or marks, by which we are able to distinguish 
objects from each other, in so far as they are com- 
prehended in the ideas established by the Theory 
of the System. The Characteristic is peculiar to 
the Determinative part of Natural History (§. 11.). 

The Characteristic presupposes the general notions or 
ideas of Natural History to have been developed and appli- 
ed to the data*of observation, and therefore is not the 
source of these ideas, nor of any other. The natural-his- 
torical properties, or those assemblages of them, by which 
we can dUtingnUh the different species of one genus, the 
different genera of one order, the different orders of one 


* What Linnscus calls trivial names, will be explained in 
its proper place. 
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class, the dii&rent classes of one kingdom, are termed 
Characters s while the single properties made use of, or con- 
tained in them, are called their Characteristic terms or marks. 
The Characteristic is intimately connected with, and indeed 
presupposes the existence of the system. A character re- 
ferring to a natural system is called a natural Character ^ and 
on6 which refers to an artificial system, an artificial Cha^ 
racier. 

Hitherto there has never existed a Characteristic in Mi- 
neralogy, nor was it even posable to be successful in the 
attempt of its construction ; because there never has been 
a system, to which a Characteristic could have been applied. 

§. 17 . PHYSIOGBAFHY. 

Phyaography is the description of natural pro- 
ductionS) and consists in the enumeration of all 
their naturaMiistorical properties. Physiography is 
peculiar to the Descriptive part of Natural His. 
tory (§. 11.). 

Dcscriptio est toiius plant <e character naturalise qui dcscrihal 
omnes ejusdem partes extemas. Likv. Phil. Bot. 326. 

Physiography is intended to produce, by its descriptions, 
a distinct image of the natural productions. Ificonsideml 
as a mere description, the object of Physiography is the 
individual (§. 6.) ; and these descriptions do not require 
any tiling but Terminology, and the correct idea of Natu- 
ral History itself. No systematical ideas are wanted, and 
any names may be employed, if they bb^only fit to be kept 
in a constant, though in itself arbitrary, reference to the 
object described. Very little advantage, however, is deriv- 
ed from such descriptions, for the Natural History of the 
Mineral Kingdom. In order to answer the purposes of 
Physiography, their object must be the Species ; imd the 
result obtained by that means, is the Collective or General 
Description of the species, which unites in itself the descrip- 
tion of all its individuals or varieties. Under this supposi- 
lion, it requires also a correct notion of the natunil-his- 
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torical species. But since Physiography is entirely inde« 
pendent of the system, and consequently also of the 
systematic nomenclature ; the general descriptions will be 
applicable to any system, provided the terminology employ* 
ed be • sufficiently accurate. Any nomenclature can be 
made use of in this part of the science, because the arbitrary 
names in every instance can easily be exchanged for the 
systematic denominations. The Descriptive part of Ali* 
neralogy has been hitherto the only one, towards which the 
labours of naturalists have been directed ; and it is solely 
to them that we are indebted for the progress of our infor- 
mation respecting the products of inorganic Nature. 

To the Descriptive part of iClineralogy must be referred 
all those representations of the objects, as drawings, models, 
&c. which are executed with the view of giving a more com* 
prehensive idea of these objects themselves; but they belong 
to Terminology, if they are intended to elucidate ceftain 
particular properties of the minerals, as the drawings and 
models in Crystallography, which are employed for the sake 
of developing the whole theory of Crystallisation. 


§. 18. IDEA OF NATURAL-HISTORY. 

Natural History is the science, which enables 
us to fgid the Systematic Denomination of any 
natural production (§. 3,), if its Natural-Histori- 
cal Properties be given or known ; and, vice versa, 
from the Denomination being given, to find the 
Natural Quality of a body. Mineralogy being one 
of the three departments of Natural History, is 
the same to the Mineral Kingdom (§. 10.), as 
Natural History in general, is to the whole material 
Nature (§. 2.). 

Lcgc artis viuUio noscalur itlania cx nomine ci nomcn cx 
planta ; uir unique cx proprxo charade re ; in illo scripto^ in 
hac ilclineato ; iertUts non admittatur. I-XNN. I’hil. Bot. 2C1. 
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Hence the application of Natural History, to the objects 
of observation, essentially consists in the process of con- 
necting the natural-historical properties of the natural pro- 
ductions with their systematic denominations ; or, on the 
contrary, in that of joining the denominations with the 
individual or collective descriptions (§. l^.)* The first re- 
quires the assistance of the System and of the Cliarac- 
teristic ; the other can be immediately effected, and does 
not require the application of a particular proceeding. 

From the manner in which Mineralogy has hitherto been 
treated, it was impossible to obtain any other but an cm- 
pirical knowledge of Minerals, which consists in the re- 
collection of having already met with a similar object, to 
which a certain arbitrary name had been given. 

It is very difficult to attain a correct knowledge of the 
productions of the Mineral Kingdom, if we confine our- 
selves to empiricism. Besides, it is a waste of time, and 
the information thus acquired, is at tjie best uncertain. 
The bad consequences of having chosen an unscientific 
mode of proceeding of this kind, increases with the actual 
enlargement of our information, in respect to the produc- 
tions of inorganic Nature. 


§. 19 . METHOD OP STUDYING THE NATUKAI. 

HISTORY' OP THE MINERAL KINGDOM. 

The only scientific way of studying Mineralogy 
is, to proceed according to the principles, and con- 
formably to the method of the science itself. This 
reqmres some practice in several oRsen^ations, re- 
lative to ccrUdn properties of Minerals ; it presup- 
poses some acquaintance with the mathematics ; and 
a little tuition will greatly facilitate its application. 

Every person who intends to acquire solid information 
in Mineralogy, must endeavour to become conversant 
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with the principles of Natural Histoiy ; without which, it 
is but too easy to miss the wdy to its attainment. An- 
other very material obj^t is the correct application of 
these principles to the Mineral Kingdom; for the best 
and most perfect instrument is of no utiUty to those who 
are not acquainted with its employment* 

Lgstly, a certain degree of skill is required iiT recog- 
nising and finding out the connexion of those forms which, 
in Mineralogy, arc called regular. In order to facilitate 
the acquisition of this, some mathematical knowledge is ne- 
cessary. 

After having become sufficibntly acquainted with Ter- 
minology, the surest and shortest way for the beginner 
to proceed, is to apply at once to Nature itself. This may 
be effected by means of the Characteristic, which, accor- 
ding to the rules laid down, under the fourth Head, must 
he employed in order to acquire a certain degree of prac- 
tice, in the determination of individuals occurring in Na- 
ture. This leads to an intimate acquaintance with the 
minutest details, and thus becomes the basis of informa- 
tion of greater extent. 

If the student has an opportunity of examining well 
arranged collections, he will be enabled to acquire general 
ideas, and form general views, in a much shorter period 
of time than would be possible by the comparatively slow, 
yet detailed and sure processes of the Determinative part 
of Mineralogy. In collections of this kind, the determina- 
tion of the species must be correct, and their arrangement 
conformable to the general principles of Natural History. 
Collections otherwise arranged, can be of little use to the 
beginner ; on the contrary, they may be prejudicial to his 
future progress, in as much as they confound his ideas ; 
and indeed they may be said to be useful only to those, who 
wish to enlarge their information, by jobservation and in- 
quiry. 

There exist but few Mineralogical works, which can pro- 
perly be recommended to a beginner. The following enu- 
meration contains those most useful for this purpose. 
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FOR THE STUDY OF TERMIXOLOOY. 

Von den oeusserlichen Kennzeichen der Fossilien, von A. G. 
Werner. Leipzig. 1774. This work has been translated 
into several languages. It has been translated into Eng- 
lish, under the title o£ — 

A Ti^eatise on the External Characters of Fossils, of Abfaham 
Gottlob AVerner, by Thomas AVeaver. Dublin. 1805. 

A Treatise on the External, Chemical, and Physical Cha- 
racters of Minerals, by liobert Jameson. Second Edi- 
tion. Edinburgh. 1816. 

Cristallographie, ou Description des Formes Propres a tous 
les Corps du Itegne Mimdral. Avec Figures et Tableaux 
Synoptiques de tous les Cristaux connus. Par M. de 
ltoin<5 de ITsle. 2de Edition. Paris. 1783. 

Traite de Mineralogie, par le C‘=". Haiiy, &c. En cinq 
volumes, dont un contient 86 planches. Paris. 1801. 

De la Cristallisation consider^e geomt^triquement et phy- 
siquement ; ou Traite abrdgd do Crislallugraphie, &c. 
Par A. J. M. Brochant de Villicrs. Strasbourg. 1810. 

Versuch eines ABC Buchs der Krystallkunde von Karl 
von llaiuner. Berlin. 1820. 

Nachtragc zu dein ABC Buche der Krystallkunde von 
Karl von Baumer. Berlin. 1821. 

Various IVIcmoirs in the Journal and the Annales des 
Mines, Ac. by Messrs Ilauy, Monteiro, &c. Also in the 
Memoirs of the Academy and the Society of Berlin, in 
the Journal fiir Chemie und Physik of Schweigger, &c. 
by Messrs AVeiss, Bemhardi, Ac. 

Since the original publication of this work jn German, there 
has appeared — 

A Familiar Introduction to Crystallography ; by Henry 
James Brooke. London. 1823. 

FOB THE STUDY OF THE THEORY OF THE SYSTEM. 

Carol! Linnuci Philosophia Botanica, Ac. Holmise. 1751. 

Des Caract^rcs Exterieurs des Mineraiix, ou existe-t-il 
dans les Substances du Il^gne Mineral des CaracitTes 
qu^on puisse regarder comm^ sp^cifiques, Ac. Par M. 
de Bomd de ITsle. Paris. 1784. 
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Most of the works relating to the subject of the Mineral 
System, and Classification in general, require the utmost 
attention on the part of the beginner, who intends to per. 
use them. 

As to the principles of Nomenclature and the Characte. 
ristic, the study of the works of Linnaeus is particularly to 
be commended, and, above all, of his Philosophia Bota- 
nica and Critica Botanica. 

In the second volume of this Treatise, those works are 
quoted, which regard the Descriptive part of Mineralogy, 
and which partly also have been referred to in the descrip, 
tions of the single species. 



PART I. 


TERMINOLOGY. 

OEKERAl CONSIDEDATION OF MINERALS. THEIR itlSTINC- 
TION INTO SIMPLE, COMPOUND, AND MIXED. DIVISION OF 
THEIR NATUIIAL-IIJSTORICAL PROPERTIES. 

§. 20 . POWER OF CRY&T ALLIS ATION, AND ITS PRO- 
DUCTS. 

That power which produces the individual (§. 6.) 
in the Mineral Kingdom, is termed the Power of 
Crystallisation. 

This name has been applied, because the most eminent 
and perfect productions of that power are Crystals (§. 2C.). 
The power of Crystallisation is included in the general 
idea of the Individ ualtHuig power, which tends to produce 
individuals in all the three kingdoms of nature ; and which 
refers equally well to regular crystals, and to such indivi- 
duals of the mineral kingdom, as are j)roduced by the power 
of crystallisation, although they are not crystals them.i 
selves, as will be shewui in another part of this W’ork. 

Individuality does not require regularity, but it implies 
unity of form (§. 6.). An individual, whatever may be its 
form, fills the space occupied by that fofin, with a certain 
matter (§. 23.), and thus it represents a vhoh\ being co- 
herent in itself, and limited towards the outside. For this 
reason, the individual is a single body, and, as such, by it- 
self a fit object for the consideration of Natural History. 

'WHien minerals pass into the state of individuality, they 
at the same time arc endowed with the rest of those natu- 
ral-historical properties which are peculiar to them in that 
state of distinct existence; dand hence these properties 
must likewise be considered as produced by the power of 
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crystallisation. The assemblage of those properties, is the 
mineral, or the natural production itself; at least, in as 
far as it is an object of Natural History. 

Minerals, upon which the power of crystallisation has 
not exercised its action, are without individuality, and 
therefore do not possess any of the properties connected 
with this state of existence. They want unity of space ; 
they are not single bodies, and, as such, by themselves fit 
objects of Natural History. As mere shapeless masses, 
with certain inherent properties, they can be considered as 
objects of Natural History, only because they are natural 
productions (§. 4.). 

Temperature has a great influence over the power of 
crystallisation. Several minerals, as water, fluid mercury, 
&c. pass into the state of individuality, and become solid, 
if the degree of temperature be sufficiently reduced ; on 
the contrary, by an increase. of temperature, hexahedral 
silver, octahedral bismuth, &c. leave this state, and become 
liquid, and others elastic. * For that reason, in treating of 
Natural History, it is necessary to fix the degree of tem- 
perature in which the productions of the mineral kingdom 
are considered; and this is the ordimnj temperature, at 
which water is fluid, and the most fusible crystals are solid. -b 

§. 21 . MINERALS DECOMFOSED AND IMPERFECTLY 
FORMED. 

The productions of the power of crystallisation 
continue to be objects of natural-historical conside- 
ration, so long as they retain the properties pecu- 
liar to them, which they have derived from the ac- 
tion of this power. By the loss of some or of sevc- 

* If the change produced on a mineral by the application 
of heat, affects more than the mere state of aggregation, 
the consideration of this change makes part of another sci- 
ence, and has no reference to Natural History. 

This is the reason w^y w'atcr, and not ice, has received 
a place in the system. 
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ral of these properties, they cease to be suitable ob- 
jects for the consideration of Natural History. 

A mineral possessed of the properties it received from the 
power of crystallisation, is in its natural or original state 
(§. 3.). A mineral which has lost these properties more or 
less, is decomposed, and ceases to be an object of <iatural- 
historical consideration. 

Minerals thoroughly decomposed commonly appear in 
the form of powder, or as shapeless masses, without present- 
ing any regular structure, or lustre, or determined and con- 
stant degrees of hardness or specific gravity; and the co- 
hesion of their particles is destroyed. They form part of 
the friahk or earthy minerals. An example of an earthy 
mineral we have in Porcelain-earth, a substance produccil by 
the decomposition of prismatic Feld-spar.* The decompo- 
sition of minerals, howeVbr, does not in all cases proceed so 
far. Some minerals retain their form, whilst colour, lustre, 
hardness, are changed ; as in several varieties of hexa- 
hedral and prismatic lron-p 3 rrites. All, even the slightest, 
of these alterations, exercise an influence upon the natural- 
historical consideration of those bodies. It is in direct oi)po- 
sition to the principles of Natural History, to consider de- 
composed varieties of one species, as varieties of another ; 
but this, nevertheless, has been but too often the case in 
Mineralogy. Thus, decomposed varieties of hcxahedral and 
prismatic Iron-pyrites, and of brachytypous Parachrose- 
baryte, have been taken for varieties of prismatic Iron-ore. 
In most cases it is possible to determine what the decom- 
posed minerals liave been in their naturiii or original state, 
though indeed, for that purpose, we have often to recur to 
considerations foreign to Natural History. 

It seems that the substance of several minerals has, in 
the period of their formation, not arrived at that state of 
perfection which distinguishes the finished productions of 

• Another class of friable minerals consists of very small 
fragments of crystals, and grains of fresh or not decomposed 
iiiiiierals. Such arc fine sand, &c. 
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crystallisation. In respect to Natural History, they must 
be classed with those which are decomposed. Minerals im- 
perfectly foraged, may be compared to animals or plants 
mutilated^ drfective^ monHrotia ; while those that are decom- 
posed, having ceased to retain their original state, may be 
coqipared to the animal or the plant which has ceased to 
live. , They may elucidate &cts, both in ,Z^oology ifiid Bo- 
tany, though in that state they are not in themselves ob« 
jects of inquiry in Natural History. It is therefore per- 
fectly evident, that the distinction introduced by some 
naturahsts among minerals, into crystallised, crystalline, 
and amorphous, depends upon^ Accidental circumstances in 
the formation of these bodies ; and, therefore, is not essen- 
tial. 

§. 22. SIMPLE MINEBAL. 

A mineral coni^ting of one single individual, or 
forming a part'thereof, is termed a Simple MinercH. 

This is the idea of a simple mineral in Natural History. 
The simple mineral must be distinguished from what is 
called simple in Chemistry ; and, likewise, from what Mi- 
neralogists commonly call simple. The last frequently 
consists of several individuab, and is therefore not simple 
in the sense of Natural Hbtory. Examples of simple mi- 
nerab are crystab and grains of dodecahedral Garnet, or 
of octahedral Diamond. The particles of which granubr 
Limestone is composed, are each simple minerab belong- 
ing to the species of rhombohedral Lime-haloide ; while 
those of Coccolitc are also simple minerals, belonging to 
the species of paratomous Augite-spar, &c. 


§. 23. COMPOUND MINERAL. 

A mineral consisting of more than one indivi- 
dual of the same quality, ♦ is termed a Compound 
Mineral. 


The term Homogeneous individual *5 would be more 
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The compound mineral consiats of simple ones. It is 
produced when several individuals of the same quality arc 
formed in a common space, either at the same time, or one 
after the other ; one being the support of, or at least con- 
tiguous to the other. It is, therefore, not one simple mi- 
neral, but a composition of several. If many of these sim- 
ple minerals come into contact, they prevent each oth^r mu- 
tually from assuming their regular form. Compound mi- 
nerals, therefore, which consist of many simple ones, do 
not possess regularity. 

Examples of compound minerals are frequently met with, 
as in the above mentioned varieties of rhombohedral Lime- 
haloide, and paratomou^ Augite-spar; also the globular 
masses of hexahedral and prismatic Iron-pyrites, and the 
stalactitic masses of rhombohedral Quartz, called Calcedony, 
&c. may serve as examples of compound minerals. 

§. £4. MIXED MINEBAD. 

A mineral, consisting of several individuals of 
different quaUties, is termed a Mixed Mineral. 

The mixed mineral consists of simple minerals, like the 
compound. The mixed mineral^ as such, is not an object 
of Natural History, because its constituent parts, the sinim 
pic minerals., have already been considered by themselves, 
and received their appropriate places in the system of Na- 
tural History. For the same reason it becomes necessary, 
from the principles of Natural History, to exclude even cortim 

7 

exact, if, in the present place, we could iPirail ourselves of 
that expression. In order to understand what is meant 
here, it will be sufficient to consider individuals of the 
same quality^ to bo such as are contained in the examples 
quoted in the preceding paragraph of rhombohedral Lime* 
naloide, and paratomous Augite-spar. Individuals of dtfm 
f event qtialHy., are such as exmbit notable diiferences in their 
natural-historical properties; as, for instance. Granite, 
where the component individuals of rhombohedral Quartz, 
prismatic Feld-spar, and rhoQibohedrol Tsdc-mica, widely 
differ in appearance and character. 
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pound minerals from these considerations. It is necessary, 
however, to distinguisli correctly between the simple and 
the compound minerals; and since this cannot be done 
otherwise, than by knowing all the details respecting tliese 
bodies themselves, their consideration must not entirely be 
neglected. 

<rhe union among the simple minerals in the mixed mi* 
neral, is sometimes so close, and the particles of the mixture 
so diminutive, that it becomes impossible to ascertain their 
reality by simple ocular inspection. Many Mineralogists 
in this case consider mixed minerals as simple, and class 
them as such in their systems. But this is not the only 
error of the kind, occurring in such arrangements. Both 
mixed and decomposed minerals are by themselves no 
longer objects of the method ; yet there are even mixtures 
of decomposed minerals, which have been introduced into 
the systems, and to which particular places have been 
assigned. 

Examples of mixed minerals we have in many varieties 
of rocks ; in granite, gneiss, porphyry, &c. ; also in many of 
those masses which constitute beds and veins. Examples 
of close or impalpable mixtures, arc found in Iron-Hint 
and Heliotrope, both varieties of rhombohcdral Quartz ; 
the first of which is mixed with oxide of iron, the other 
with Green Earth, a variety of prismatic Talc-mica. IVlix- 
tures of decomposed minerals we have in Clay, Yellow 
Earth, Tripoli, &c. 

§. 25 . DIVISION OF THE NATnEAL-niSTOIlICAL 
PilOPERTIES. 

The natural-historical properties of minerals arc 
divided into ; 1. such as refer to simple ; 2. such 
as refer to compound minerals \ 3. such as arc 
common to hoth^ 


The natural-historical properties of minerals comprc« 
hend their colour, the different degrees of hardness, the 



§. 25 . PRELIM INAllY OBSKIlVATlON!?. 26 

different kinds of lustre, the regular forms, the circum- 
stances and relations, under which the particles of the in- 
dividuals can be separated from each other, &c. ; because 
these are the properties of minends exhibited in their na- 
tural state, and may be considered without producing any 
change or alteration on the mineraL 

Properties which can only be observed during, or^fler 
a change, cannot be employed agreeably to the prihciples 
of Natural History, and must therefore be excluded from 
Mineralogy ; because, in observing them, we transfer the 
object itself from its natural state, into another, in which it 
ceases altogether to be ait ol^ect of Natural History. Pro- 
perties of this kind are, the fusibility of minerals examined 
before the blow-pipe, or by the assistance of some other 
apparatus, and the concomitant phenomena; — their solu- 
bility in acids ; — phosphorescence produced by heat, if, after 
the first experiment, it cannot be observed any longer 
chemical analysis instituted to ascertain the quality or re- 
lative quantity of the component parts,* and the results 
of that process : — every thing, in short, must be excluded, 
which alters the natural state of a mineral. There are 
properties to be met with in minerals in their natural state, 
which, although not altered by examination, yet arc of no 
utility in Natural History ; such as the size of crystals ; 
the irregular enlargement, and figure of some of the faces 
depending upon it ; the accidental forms minerals assume 
by being broken, rubbed down, water-worn, decom])used, &c. 
Such properties are accidental^ because the identity (§. 14.) 
of the individual is not destroyed by their occurrence. 

The natural-historical properties includjg the greater part 
of the characters commonly called extcnmly and some of 
those called jthijsiraL 

As to the distribution of those properties among the dif* 
ferent heads mentioned above, the first will include those 
which can be observed only in an individual itself, or in a 
fragment of an individuaL These are the geometrical pro- 
perties, or such as refer to Space ; the relations of Si me* 
turcy those of Surface^ and the phenomena of Hcfracfion^ 
in so far as they depend upon fhe regular form of minerals. 
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To the second belong the relations of Co7nposltion, the Forma 
of compound miner^s, the mode of Jmteiion of the indivi- 
duals in these compositions, &c. these properties being 
such as are only to be met with in compound minerals. 
The third comprehends those in which the simple or com- 
pound state of the mineral has no influence upon the con- 
si^pration of the properties ; as Colour^ Lustre^ TranapareU’. 
cy in general, Hardness^ Sjpecific Gravity^ the State of Aggrem 
gatiofty TastCy 

Terminology includes, therefore, three Sectlonsy within 
which each of the above mentioned properties is considered 
in a separate Chapter. 



SECTION I. 


TU£ NATURAL IXIjSTOlllCAL PROPERTIES OF SIMPLE 
MINERALS, 

CHAPTER I. 

OF THE REGULAR FORMS OF MINERALS. 

I. GENERAL CONSIDERATION OF THE REGCLAR FORMS. 

§. 26. CRYSTAL. 

In Mincralogyi the term Crystal is applied to a 
body, which consists of continuous and homoge- 
neous matter, and occupies, from its ori^n, a re- 
gularly limited space. 

Crystals assume a regularly limited space in their origin, 
that is to say, in the very act of their formation. A mine- 
ral which appears in a regularly limited space only after 
a part of its homogeneous matter has been detached from 
it, is not contained under the preceding definition, and 
therefore no Crystal. 

The matter contained within the regularly limited space, 
is termed homygcncous^ if it be everywhere the same qua- 
lity ; and it occupies or fills the space with ConiimiHyj if in 
its interior it allows no particles to be distinguished from 
one another, of which the whole mass might be said to be 
composed. There are minerals occupying a regularly li- 
mited space, with homogeneous matter, but without conti- 
nuity ; because in their interior, particles can be observed, 
which are evidently distinct from each other (§. 1 8C.). Mi- 
nerals which arc found thus to aonsist of homogeneous mat- 
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ter within a regularly limited space, yet want continuity, 
and cannot therefore be called crystals in the signification 
of that term, as defined above. 


§. 27. OBJECT OF CEYST ALLOGRAPH Y. 

The object of the science of Crystallography y is 
to ascertain the regularly limited space, that is to 
say, the Form of the Crystals^ not the matter, 
whi<.:li occupies that space. 

Since the object of Crystallography is nothing but figur- 
ed Spacc^ and in this nothing is to be considered besides 
geometrical quantities, and their relations to each other ; 
it appears that Crystallography is a pure geometrical 
science. 


§• 28. FORMS AND FACES. 

The regularly limited space occupied by a crys- 
tal, is termed a Form of Crystallisation^ and the 
limits or planes, Faces of Crystallisation. 

In Crystallography, the fiices of crystallisation are con- 
sidered as perfect although this is not always tlie 

case in nature. 

They are termed Faces of Crystallisation, in order to 
distinguish them from certain other faces of minerals, 
which, though they cxliibit regular shapes, yet arc no crys- 
tals (§. 26.).' 

The faces of crystallisation receive particular names, ac- 
cording to tlie forms which they limit, as, for instance, 
Faces of the Hhambohedrotiy ofllic Octahedron^ &c. They arc 
called Faces^ without any nearer determination, if the 
form to which they belong is understood to be a form of 
crystallisation. 
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§. 29. EDGES. 

The limits of the faces, or their intersections 
with each other, are termed Edges. 

The; Edges of forms are always supposed to be straight 
lines, although in nature they are not always straight*. 

The Edges are denominated not only according to the 
forms to which they belong, but also according to their par- 
ticular situation in respect to these forms. If a form of 
crystallisation contain edges of only one kind, these bear 
simply the name of the form ; as, for instance, Edges of the 
Hexahedron. If it contain several kinds of edges, they are 
distinguished from each other by their name, for in- 
stance, Terminal and Lateral Edges of the lihombohe- 
dron, &c. 


§. 30. SOLID ANGLES. 

The limits or terminal points of the edges are 
Solid Angles. 

The solid angles are named according to the forms in 
which they are found, and receive a nearer determination, 
by some epithet expressing their particular situation and 
quality. Thus we say, Solid Angles of the Hexahedron ; 
also rhomhohedraly pyramidal^ prismatic Solid Angles^ &c, 

§. 31. HOMOLOGOUS FACEg, 

Faces, equal and amilar to each other, and simi- 
lai'ly situated, are termed Jiomologotis ; such as are 
not equal and similar, or assume a different situa- 
tion in the forms, are not homologous. 

In nature, the homologous &ceB are not always equal 
and similar to each other, yet they are always similarly 
situated. Sometimes a single face of a crystalline form is 
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SO 


enlarged, and assumes a figure different fVoni what it 
should lie, and dependent upon this enlargement. Crys- 
tallography takes no notice of these irregularities, in as 
much as they are accidental, and because this science is in- 
tended to promote the study of the forms in their peculiar 
Regularity and PerfectUmy in order to enable us to develope 
their relations to each other, and to facilitate tUb applica- 
tion of both to the phenomena of Nature. 

§. 33. HOMOLOGOUS OR EQUAL EDGES. 

Edges are said to be equal magnitude^ or qf 
equal valucy if the faces meeting in them are equally 
inclined to each other, or produce an equal angle of 
incidence ; they are said to be of equal lengthy if 
they are formed by equal .sides of the faces ; and if 
they are both of equal magnitude and equal length, 
and at the same time similarly situated, they are 
termed equal or homologous. 

The inclination at the edges is invariable in nature ; and 
upon this constancy of the angles of incidence, is founded 
the application of crystallography to nature. The length 
of the edges is subject to variation, as well as the figure of 
the faces. In the crystals themselves, all the edges of 
equal quantity which are similarly situated, although per- 
haps not of equal absolute length, are considered as homo- 
logous. 

§. 33. DENOMINATION OF THE SOLID ANGLES. 

Solid angles are denominated according to the 
number of faces contiguous to them, or according 
to the quality of the edges produced hy the inter- 
section of these faces. Solid angles formed by homo- 
logous faces, are said to be Jlomoloffms themselves. 
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A solid angle foimed by the intersection, or consisting 
of three, four, fire, &c. ^es, is said to be a solid angle of 
three faces, a solid angle ofjbur £ices, &c. A soUd angle 
is equiangular^ if the plane angles contiguous to it are equal ; 
it is unequiangular^ if they are different from each other. A 
solid angle, resulting from the junction of two, three, &c. 
different kind$ of edges, is said to be digrammic^ irigrarnmic^ 
&c. ; and a solid angle having all its edges equal, or which 
possesses only one kind of edge, is, in opposition to the 
latter, termed a monogrammic solid angle.* 

§. 34. SIMPLE AND COMPOUND FORMS. 

A form contained under homologous faces 
(§.31.) is termed a Simple Form ; one that is con- 
tained under faces which are not homologous, a 
Compound Form. 

We have examples of the former, in the Hexahedron, the 
Octahedron, as Geometry considers those solids. Fig. 1. 2., 
and in several others besides. Of the latter in the same, 
if their angles or edges, or both, are replaced by faces not 
belonging to their own form. Figs. 3. 4., or in general, if the 
form is limited by more and other faces, than is required 
for a simple form. 

§. 35. THE COMPOUND FORMS CONSIST OF THE 
SIMPLE. 

A compound form consists of two df^more simple 
ones. Those faces of the compound, which are 


* Monogrammicy single-edged or one-edged, from ftivosy 
single, and a line ; digrammict double-edged or two- 

edged, from double, and y^afifAh; trigrammicy triple- 
edged or three-edged, from r^Uy triple, and ; referring 

to the number of different kinds in those lines or edges, 
which terminate in the solid angle. 
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homologous to each othcr^ belong to one and the 
same simple form. 

The hexahedron, whose angles are replaced by equilateral 
triangles, or by equiangular hexagons, Figs. 21. 4., is a com- 
j^ound form. The faces of a four-sided or eight-sided figure, 
hopiologous to each other, are faces of the IicfLahedron, 
which is one of the simple forms ; the triangles or hexa- 
gons, again homologous to each other, arc faces of tlie se- 
cond simple form, which is the octahedron, and the com- 
pound form is said to consist of both. 

It is possible, that a compand form may assume the as- 
pect of a simple one, in so far as it may be contained under 
fa^BS, which, according to the given definition, are homo- 
logous. The particular circumstances, under which this 
happens, and the reasons, why a form of that kind, never- 
theless is considered as compound, will be given afterwards. 

§. 36. TANGENT PLANES. 

A plane, whi^i touches a simple form in one of 
its edges, is called a Tangent Plane. 

The edge of the simple form lies in the tangent plane ; 
and the latter is always supposed to be equally/ inclined to 
both the faces meeting in the edge of the simple form, un- 
less it be expressly nientionod otherwise. 

§. 37. SECTIONS. 

*4 

A plane, \^hich intersects a simple form, is term- 
ed a Section. A Principal Section divides the form 
into two equal halves, without dissecting an edge ; 
a Transverse Section is perpendicular to a certain 
line within the solid. 

The knowledge of Sections is very useful, in a more de- 
tailed examination of thb forms themselves ; and the Prin- 
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cipal sections, in particular, allow of many interesting ap« 
plications, both in Crystallography and in Optics. In Op- 
tics, however, the term principal section is applied only to 
those planes, which pass through the principal axis. 

In the hexahedron, Fig. 1., the principal section AC£G 
passes through the parallel diagonals AC and £G of Awo 
opposite faces, and through the edges joining them A£ and 
CG, forming an ohlong or rectangk. In the rhombohe- 
dron. Fig. 7*9 principal section ABXC passes through 
those diagonals of two parallel faces AB and XC, which join 
different solid angles with each other, and through the in- 
termediate edges AC and*BX, forming a rhomboid, An^ 
other principal section C'C"B'B", passes through the dia- 
gonals of parallel faces C'C^ and B'B'', joining equal solid 
angles with each other, and through the intermediate edges 
C'B" and C'^B', forming a rectangle. Two or more prin- 
cipal sections, of equal and similar figure, and simUarly 
situated, are accounted as one. Some fornls, as the rhom- 
hohedron, have more than one ; others, as the tetrahedron, 
no principal section at all. The consideration of these sec- 
tions is not of equal importance in all forms. 

It is not necessary to carry the distinction of these sec- 
tions any farther, than to such as yield regular, or at least 
equiangular or equilateral figures. If, therefore, sections 
in general are mentioned, only sections of that description 
are to be understood. 

§. 38. HOMOLOGOUS SECTIONS. 

Sections, which either possess similar figures, or 
which assume them, if reduced to the same distance 
from the centre of the solid, or in which the junc- 
tion of certain points, by straight lines, produces si- 
milar figures, are termed sections of the same 
kind, or Homologous Sections. 

There are two sets of homologous sections in the hexa- 
hedron, containing on one side all the squares, as A'B'C'D', 

VOL. I, c 
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Fig. 1. ; on the other all the equilateral triangles, as RST, 
Fig. 5. But the equiangular hexagons, as R"li'S''ST''T', 
produced by sections parallel to the triangles, are homolo- 
gous with them ; for triangles of this kind can be inscribed 
in them, or they are transformed into such triangles, if 
brought to the same distance from the centre of the form. 

*The sections of the hexahedron, which appear as oblongs 
or rectangles, as RSll'S' Fig. 6., are likewise homologous 
to each other ; for they are similar, if made equidistant from 
the centre. Let the edge of the hexahedron AD be = 1, 
and AS that part of it through the end of which the sec- 
tion passes, section will be a 

square. A section of that kind, however, if made equidis- 
tant from the centre with a rectangle, is likewise transform, 
ed into a rectangle, and therefore homologous with these 
figures, and not with the squares above mentioned. 

In every. oblong, a rhomb can be inscribed, if we join 
the centres of its sides by straight lines. Hence sections 
of a rhombic figure are homologous with sections of an ob- 
long or rectangular figure. 

Besides the sections described in the hexahedron, there 
are none to be met with in any other solid whatever ; or 
those which maybe met with in other solids, can always be 
traced to one of these. The different kinds of sections are, 
therefore : 

1. Such as are either equilateral Triangles themselves, or 
in which equilateral triangles may be inscribed ; as regu- 
lar hexagons, or equiangular hexagons, whose alternate 
sides, or .equilateral hexagons, whose alternate angles, arc 
equal ; dodecagons of the same description, &c. 

2. Such as are either Squares themselves, or into which 
squares may be inscribed, as regular octagons, or cfiuiangu- 
lar octagons, whose alternate sides are equal, or equilateral 
ones, whose alternate angles are equal, &c. 

3. Such as are Rectangles or Rhombs^ or in which rectangles 
or rhombs may be inscribed. Tt must be remarked here, 
that if among the reotangular sections, there is only one, or 
two squares, as in the tetrahedron and in the hexahedron, 
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the rectangular, as the greater number, determine the kind 
of the sections. 

The different kinds of sections will he furnished with 
appropriate and expressive names in the following §§. 50| 
52, 53. 


§. 39 . AXES. 

Tlie straight line passing through the centres of 
two parallel sections, if it be perpendicular to their 
planes, is termed an Jms, 

Suppose a hexahedron, Fig. 1., to be intersected by a 
plane B' C' IF parallel to one of its faces ; the section 
will be a square. The straight line FQ. through M and P 
the centres of this, and of a parallel square, will be an 
axis. Take from a solid angle of the hexahedron. Fig. 5. 
equal parts All, AS, AT upon the edges terminating in 
this angle, and lay a section through the points thus de* 
terinined. The straight line AG through the centres M, M' 
of this and of a parallel section II' S" S' T" T' R'', even 
though the figure of the latter should be no triangle, is 
likewise an axis. Take equal parts AR, AS ; Ell', ES' 
of the parallel edges of a hexahedron, Fig. d., beginning 
from two adjacent solid angles A and E, and lay a plane 
through the points thus determined. Its figure will be a 
rectangle, or, at a certain distance from the centre of the 
hexahedron, it will be a square (§. 33.) ; and the straight 
line NO through M and M' the centre vof this and of a 
parallel section, is again an axis. 

Every axis passes through the centre of the solid. 

In the centre of the solid, all axes, which are perpendicu- 
lar to homologous sections (§. 38.), intersect each other at 
equal angles. 

§. 40 . HOMOLOGOUS AXES. 

An axis belongs to that section, in the centre of 
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which it is perpendicular to its j^lane. Axes be- 
longing to homologous sections^ arc smd to be 
themselves Jiofnologous, 

The axes belonging to the equilateral triangles, &c. may 
£)r the present be called axes of the first ; those belonging 
to the squares, &c., of the second ; and those belonging to 
the rhombs or rectangles, &c., axes of the third kind. 

Some forms contain only one, others two, and others 
three kinds of axes in. different number. The number in 
which the axes of the first kind appear, is one or four ; that 
in which those of the second*kind are found, one or three ; 
and that in which those of the third kind are contained in 
the solids, owe, threc^four^ or 9li\ 

The hexaliedron contains four axes of the first, three of 
the second, and six of the third kind ; the tetrahedron four 
of the first, .none of the second, three of the third ; the 
rhombohedrou contains only one axis of the first kind. 

§. 41 . PBINCIPAL A)1D SUBORDINATE AXES. 

Principal Acces are those whose sections arc re- 
gular, or such figures as allow regular figures to be 
inscribed into them ; Subordinate Axes such wdiosc 
sections are no regular figures themselves, and in 
which no regular figures can be inscribed.^ If a 
form contain*! no principal axis properly so called, 
one of the subordinate axes is considered as the 
principal axis. 

The axes of the third kind, in whatever number they may 
appear, are always subordinate axes, if they occur at the 
same time with others. But if they occur alone in a form, 
their numlicr is in no cjisc greater than three ; and then 
two of them are subordinate ; the third is the principal axis. 
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§. 48 . UrBIGHT POSITIOK. 

A form is smd to be ia its Upright Position 
when one of its principal axes is vertical. 

Forms that have only one principal axis are upright ^hut 
in a sihgle one ; such as have more than one are upright 
in several positions. If a form contains only axes of the 
tliird kind, it is upright, when that axis is in the vertical 
})usition, which is considered as its principal axis. 

In the subsequent inquiries, all forms, simple and com. 
pound, arc supposed to hate been previously brought into 
an upright position. 

§. 43 . PARALLEL POSITIOK. 

Two or several forms .are in Parallel Position, 
if the axes of the one are parallel to* the iiomolo* 
gous axes of the other. 

« 

Two or several fonna are in parallel position, if of the 
axes of the one, only two are parallel to two homologous 
axes of the other. For all the homologous axes intei’sect 
each other in the centre of the form, at equal angles (§. 30.) 

The parallel position cannot in general be perfectly de- 
lerminetl in forms which possess only one axis. Several 
forms, moreover, may bo considered in different positions. 
It w'ill be pointed out hereafter by what means, in these 
eases, the parallel position must be delei'inined. The ditfe- 
rent positions of forms arc of great inqiortvice in all crys- 
tallographic researches, if the object of these be more than 
Ihc consideration of one form at a time. 

Similar forms in parallel position, have their faces' pa- 
rallel. 

§. 44 . IIORIZOKTAI. PBOJTECTIOK. 

Place any . given form ii> its upright position. 
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Draw from the angles of this form, perpendicular 
lines to a horizontal plane, and join all the points 
thus determined by straight lines. The greatest 
plane figure obtained by this proceeding is the Ho~ 
rizantal Projection of the form. 

The horizontal prqjection belongs to the vertical axis, 
and is homologous with the sections to which the axis be* 
longs (§. 40.), and to which the projection is parallel. 

A form possesses as many different horizontal projections 
as it has kinds of principal axes. 

The Side of the horizontal projection is the unity of most 
of the subsequent calculations referring to the dimensions 
of crystalline forms. 

§. 45 . BE6I7LABITY. 

1 

The Regularity of simple forms is their greater 
or lesser agreement with the regular solids of geo- 
metry. 

Regularity refers only to simple forms. The regularity 
of the simultaneous existence of these in the compound, is 
termed the Symmetry of combinations, which will be con- 
sidered more at large in §. 141. 

The irregularities so frequently occurring in crystals, 
must be abstracted, in our consideration of them, and the 
forms reduced to their peculiar regularity. 

§. 46 . DE6BEES OF BEGULABITY. 

The regularity of ample forms allows of being 
arranged in Several Degrees. 

Geometry considers solids whose angles are not altogether 
situated in the surface of one sphere, to be less regular than 
those whose angles are-all touched by the surface of a single 
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§. 47 . 

sphere ; and thus, it likewise acknowledges different degrees 
of regularity. The degrees of regularity in Crystallography 
are not the same with these. By the peculiar method of 
treating its object, Crystallography is forced to ascribe the 
same degree of regularity to forms, the angles of one of 
which may lie in one, of another in two, of a third in three 
different spheres, as to the hexahedron, to the mono^m.* 
mic Tetragonal-dodecahedron (§. (»3.), and to the Telracon* 
ta-octahedron (§. 77>) ; and it ascribes to others, as to the 
Tetrahedron, a lesser degree of regularity, although its 
angles altogether should be situated in the face of one and 
the same splierc. 

§. 47 . DETEAMINATION OF THE DEGASES OF 
REGULARITY. 

The degrees of regrflarity of simple forms, are 
determined according to t?i€ Kind aiid the Number 
(if their Axes. 

Tlierc are four degrees of regularity to be distinguished 
in simple forms. 

Forms of the first degree of regularity contain four axes 
of the first kind, three of the second, and six of the third ; 
of the second degree of regularity, four of the first kind, some 
of them at the same time three of the second, some three of 
the third, some none besides those of the first ; of the third 
degree of regularity, only one axis of either the first or the 
second kind, and an undetermined nun^er of axes of the 
third kind ; of the fourth degree, threelaxes of the third 
kind. 


first 

4 

3 

c 



3 

0 

second 

■<4 

0 

3 



0 

0 

third 

{'» 

0 

1 

undetermined. 

fourth 

Ob 

0 

3 
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With these degrees of regularity, the rest of the quality 
of simple forms is-in the closest agreement, as will be seen 
hereafter. The first d^ree of regularity contains two of 
those forms, and the second one of those forms, which are 
geometrically regular. 

48 . CLASSIFICATION OF SIMPLE FOETIS. 

Simple forms are divided, according to the num- 
ber of their principal axes, into such as have only 
One Principal Aaais, and such as have Several. 

The forms with one axis are of the third and fourth, 
those with several axes are of the first and second degree 
of regularity. 

§. 49 . NOMENCLATURE OF SIMPLE FORMS. 

The forms of one axis receive their names ac- 
cording to the figure of their faces, or according to 
some general property ; those of several axes, ac- 
cording to the number of their faces; and when 
a more accurate determination is necessary, accord- 
ing to certain peculiarities of these forms them- 
selves. 

Systematic nomenclature remedies the want of confor- 
mity and precision, which has hitherto prevailed in the 
method of denominating crystalline forms ; and at the same 
time produces a distinct idea of the forms themselves, since 
it is in fact their abridged description. This shews the use- 
fulness of the systematic nomenclature, and justifies its in- 
troduction. 

Forms of a single axis, whose faces are rhombs, are term- 
ed Wi(mibohcdrons ; others, whose faces are triangles, arc 
called Pi/ramtfh. 

A form of several axes, which is contained under faces, 
is a Tetrahedron^ or 'Tetrahedron, because there exists 
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only one, or because all tetraliedrons are similar ; a form 
contained under Jiiv faces, is the Hexahedron ; a form con- 
tained under eight faces, is the Octahedron ; a form con- 
tained under treclvc faces, is a Dodecahedron^ because there 
arc several varieties, ov because not all dodecahedrons are 
similar ; a form contained under twenty-four faces is an 
jeositetrakedron ; and a form contained under forty^ight 
faces, a Tctracontaoctahcdrotu 

The denominations which denote the different kinds and 
varieties of simple forms, according to their peculiar pro- 
perties, are formed from these names by composition, or by 
the addition of adjectives^ 


II. OF SIMPLE FORMS IK PARTICULAR. 

COKSIDERATIOK OF SIJIPLE ‘P^RMS, AND SOME OF THEIR 
GEOMETRICAL RELATIONS.* 

§. 50. THE RHOMBOIIEDRON. 

The rhombohcclron. Fig. 7., is a form contained 
under six equal and similar rhombic faces ; or the 
rhombohedron is contained under six equal and si- 
milar rhombs. 

1. Any six rhombs, which are equal and similar to each 
other, limit and if the obtuse angle of their figure is 
less tlian 1 20^^, two rhonihohedrons. 

2. All rhonihohedrons belong to the saifij? kind of forms. 

3. The solid angles A, X, produced by equal plane angles 
and equal edges (§. ,33.) of the rhoniboliedroii, arc termed 
its Apices. 

4. The straight line AX through the apices, is the Axis of 
the rhombohedron. The llhombohedrou has only one axis, 
and this is of the first kind (§, 40.). Since all forms con- 
nected with the rhombohedron ])ossess sixes of this kind, 
these in future will be designated bv the denomination of 
rhornhohcdral Axes. 
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5. A solid angle, through which a rhombohedral axis 
passes, is termed a rhotnlohcdral solid angle. This applies 
equally to forms which are not rhombohedrons themselves. 

G. The edges CA, C'A, C"A, BX, B'X, B"X, contigu- 
ous to the terminal points of t!ie axis, are Terminal Edges ; 
while CB^ B'C'^ C'B, &c. or those which do not intersect 
or meet with the axis, are Lateral Edges, 

7* The diagonals of the faces of a rhombohedron, are 
commonly said to be the diagonals of the rhombohedron 
itself. Those which are horizontal, like CC", C'C", &c. 
when the rhombohedron is in its upright position (§. 42.), 
are termed the Ilorizanial Diagonals ; those which, on the 
same supposition, assume a direction inclined to the axis, like 
AB, AB', &c. are called the Inclined Diagonals of that fomii 

8. The rhombohedron has two principal sections. The 
first and most useful is a rhomhoid^ bounded by two parallel 
terminal edges, and the inclined diagonals contained be« 
tween them, as ABXC ; the second is a rectangle, as 
C'C'^'B^B". The other sections are of the first kind 
(§. 38.), and termed llhomhohcdral Sections, That through 
the centre of the form, or the transverse section, is a regu* 
lar Jlcxagotu 

9. Tlie horizontal projection of the rhombohedron is a 
Regular Hexagon, equal to that circumscribed about the 
transverse section. 

10. Of two rhombohedrons, that with a greater plane 
angle at the apex, C'AC", is termed the niarc ofdttsc ; that 
with a lesser, the more acute of these fonns. The same dis* 
tinction applies also to pyramids. 

11. The sections CC'C" and BB'B", through contiguous 
horizontal diagonals, are perpendicular to the axis, and dU 
vide it in three equal parts, AP, FQ, and QX. 

12. If, as it is supposed in all calculations concerning 
the rhombohedron, the side of the horizontal projection is 

1 ; the horizontal diagonal is = ^3. 

13. Let the axis AX be = a ; the angle of inclination at 
the terminal edge x ; we obtain ; 

2 a=— 9 
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14. Let ft be the plane angle at the apex ; we have 


cos, ft 


2 a*— 9 
2(a^+^ 


§. 51 . PYRAMIDS IN GENERAL. 

A pyramid is contained under equal and simi* 
lar triangles. 

1. The whole number of these triangles, as well as its 
half^ is an even number. 

2. The triangles are either isosceles or scalene. A pyra« 
mid contained under isoscUes triangles, is termed an uo&ce^ 
les pyramid; one contained under scalene triangles, a tcakne 
pyramid. 

3. The angles at the vertex of these triangles, are the 
Apices of the pyramid. 

4. The straight line through the apices is the Principal 
Axis. 

5. The edges contiguous to the terminal points of the 
axis, are called Terminal Edges ; they are equal in isosceles, 
and unequal in scalene pyramids. The remaining edges of 
the pyramid either lie in a plane perpendicular to the prin* 
cipal axis, or they arc situated like the lateral edges of a 
rhombohedron (§. 60. C.). They are called Lateral Edges^ 
the first of them sometimes Edges at the Base. 

6. The pyramids are divided according to the whole, 
and denominated according to half the number of their faces, 
as follows : 


Q 

Nunibcr of 
Faces. 

Denomination. 

• 

Figure of the 
Triangles. 

M 

< 

Eight, 

Four-sided, 

\ 

> isosceles, 
scalene. 

U* 

Twelve, 

Six-sided, 

\ 

isosceles. 

^ scalene. 


Sixteen, 

Eight-sided, 


scalene. 
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7 . The term Pyramid has not exactly the same signifi- 
cation in Crystallography, as in Geometry. In Geometry, 
it means a solid, bounded by any number of triangular 
planes meeting in one point, and terminating at one poly- 
gonal plane, as its base. In Crystallography, it must be 
restricted to simple forms ; and, therefore, cannot be ap- 
pfied to any other but those, which have hitherto been call- 
ed double pyramids. There arc no simple pyramids, as 
simple forms, to be considered in Crystallography. The te- 
trahedron, which has been called a simple three-sided pyra- 
mid, is no pyramid at all, but is a form of several axes, and 
in the closest connexion with other forms of that kind, 
particularly with the octahedron. The epithet double^ there- 
fore, is superfluous, since the crystallographer has on no oc- 
casion to distinguish between simple and double pyramids, 
as two ditferent classes of simple forms. 

§. ISqSCEtES FOITR-SIDSD PYRAMIDS. 

The isosceles four-sided pyramids, Fig. 8., arc 
contained under eight isosceles triangles. 

1. The isosceles four-sided pyramids, have two principal 
sections, one of which, BCB'C', is a square, the other, 
AC'XC, or AB'XB, a rhomb. 

2. The remaining sections, belonging to the principal 
axis, arc also squares ; and the axis is therefore of the se- 
cond kind (§. 40.). This axis itself, the solid angles througli 
which it passes, and the sections belonging to it, are term- 
ed Pyramidal^^^oiVk^Q all forms in connexion with the isos- 
celes four-sideTl pyramid, contain axes, solid angles, and sec- 
tions of the same kind. The same denomination applies to 
every form possessing similar axes, solid angles, and sec- 
tions, although this form be not an isosceles four-sided py- 
ramid. 

3. Besides these, the isosceles four-sided pyramids con- 
tain four axes of the third kind, two of which, BB' and 

are the diagonals, ^thc two others HII'" and 
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parallel to the sides, of the base. These axes intersect 
each other at angles of 45^ 

4. The horizontal projection is a square, equal to the 
base, or to the square principal section. 

5. Let the side of the horizontal projection be 1 ; the 
axis = a, the terminal edge == x ; the lateral edge, or.that 
at thc*base ss z ; wc obtain : 

1 1 -I. 

cos. X =s: — ; COS. Z = . . 

1 + a* 1 + a* 

§. 53. SCALENE FOUR-SIDED PYRAMIDS. ■ 

The scalene four- sided pyramids, Fig. 9., arc con- 
tained under eight scalene triangles. 

1. The scalene four-sid^d pyramids have three principal 
sections, ABXBS AC'XC and BC'B^C,^all of which are 
rhombs. 

2. The remaining sections, all parallel to the principal 
ones, are likewise rhombs : the axes AX, BB', CC' there- 
fore are of the third kind. Tliese axes, the solid an- 
gles through which they pass, and the sections belonging 
to them, are called Prisimtlc^ on account of the great 
number and variety of oblique angular four-sided prisms 
existing among the forms in connexion with the scalene 
four-sided pyramid, all of which possess axes, solid angles, 
and sections of this kind. Those denominations of axes, 
solid angles, and sections, arc likewise made use of in such 
forms as are not connected with the stalene four-sided 
pyramid. 

3. Any axis of the scalene four-sided pyramid can be 
assumed as the principal one, or any solid angle can be 
considered as the a]}cx. After the principal axis has be^ 
obtained, the subordinate axes, apices, solid angles, the base 
and its diagonals, are thereby ascertained, and remain inva- 
riable in all considerations of a determined form of this kind. 
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4. Among the terminal edges, the greater is said to be 
the obtuse edge, the lesser the acute edge ; which is likewise 
the case in the scalene six-sided pyramids (§. 55.), and in 
the eight-sided pyramids (§. 56.)* 

5. The horizontal projection is equal and similar to the 
h^se, or to that principal section, which is perpendicular to 
the principal axis. 

5. Let the axis AX of a scalene four-sided pyramid be 
= a ; B3' one of its diagonals = b ; CC' the other dia- 
gonal = c ; the terminal edge AB contiguous to b s: y ; 
the terminal edge AC contiguous to c » x ; the edge BC 
at the base =: z : then 

CO,. 

a^b«-h(a- + b=)c“ 
cos. X = c^— (a° -fc°)b« , 

a« + (a« +c*)b« ’ 

cos.z=.^ifl-zi!!:±fl)j^; 

b« c« + (b«+c«)a’» 
and 

cos. y + cos. X + cos. z ss — 1. 

Hence 

cos. y == — (1 4- cos. X + cos. z) ; 
cos. X = (1 + cos. y -h cos. z) ; 

cos. z =5 — (1 -f cos. y -f cos. x). 

7* Suppose cos. y ; cos. x = /3 ; cos. z := y : the fol- 
lowing ratio among the diagonals will be obtained : 

a:b:c = V[(l +«)(! +/J)] : VIO + «)0-hy)l 

: V [ (1 + ^) (1 + y) ]. 

§. 54."^ ISOSCELES SIX-SIDED PYRAMIDS. 

The isosceles six-sided pyramids, Fig. 10., arc 
contained under twelve isosceles triangles. 

1. The isosceles six-sided pyramids have two principal 
sections : one of them AHXZ, &c. is a rhomb, the other 
HORZNT a regular hexagon. The latter is at the same 
time the base of the pyramid. 
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2. The remaining sections are rhombohcdral (§. 50.) and 
prismatic (§. 53.), as also the axes. Of the prismatic axes, 
three HZ, ON and liT pass through the lateral solid angles, 
and three IS, KU and LV through the centres of the la- 
teral edges. 

3. The horizontal projection is equal and similar t^ the 
base, or to the rhombohedral principal section. 

• 4. The side of the horizontal projection being = 1 
(§. 50. 12.), let the axis be m.a (the axis of a rhombo- 
hedron being designated by a, and a certain comtant co- 
efficient by m) ; the terminal edge = x ; the lateral edge 
= z : we have 


cos. X = 


cos. z =s 


( m^ a* -f 0 \ ^ 
2 in‘^. a- 4- 0 / 

/ iii^a« — 3 \ 

\ m-'. a^ 4* 3 / 


§. 55. SCALENE SIX-SIDED PYRAMIDS. 

The scalene six-sided pyramids, Fig. 11., arc 
contained under twelve scalene triangles. 

1. The principal section A'BX'C, &c. is a rhomboid. 

2. The remaining sections are rhombohedral; those 
which pass only through terminal edges are equilateral 
hexagons of alternately equal angles ; that through the 
centre, or the transverse section, is an equilateral dodeca- 
gon, likewise of alternately equal angles. 

3. The lateral edges of this form ar^ disposed like the 

lateral edges of a rhombohedron. • 

4. The horizontal projection is a regular hex.agon. 

5. The side of the horizontal projection being = 1 ; let 
the axis A'X' be = ni.a (where a signifies the axis AX of 
a rhombohedron, W'hose lateral edges coincide with the la- 
teral edges CB, BC, &c. of the pyramid, and m a variahk 
co-efficient) : the obtuse terminal edge = y ; the acute ter- 
minal edge ss X ; the lateral edge = z ; the following for- 
mula* will be derived. 
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/ (3 m» + « m — 1) a“ + 1« \ 
cos. y = — I — 1 : 

V 2 [ (3 m* + 1) a» + !»] / 

\ 2 I (3 m» + 1) a* + 9] )' 



V (3 + 1) a« + 9 

cos.y = 1 +COS.X + COS.Z — 2. ^ [(I +cos x)(l — cos.z)]; 
cus.x= l + cos.y+co3.z— 2. V[(l +cos.y)(l — cos.i)]; 
cos. z = — (1 +cos.y+cos.x + 2. ;y^[(l +cos.y)(l +co8.x)]). 

§. 56. SCALENE EIGHT-SIDED FYBAMIDS. 

The scalene eight-sided pyramids, Fig. 12., are 
contained under sixteen scalene triangles. 

1. The scalene eight-sided pyramids have three different 
principal sections ; . the first of these B'SC'S'BS'"CS" is an 
equilateral octagon, of alternately equal angles ; the other 
two A'C'X'C and A'B'X'B on one side, and A'SX"S''' and 
A'S'X'S'' on the other arc rhombs. 

2. The remaining sections are pyramidal and prismatic ; 
so are likewise the axes. Of the prismatic axes, every two 
B'B, C'C, and SS% S'S", pass through equal solid angles. 

3. Those edges which are not terminal, are edges at the 


4. The horizontal projection is equal and similar to the 
base or the pyramidal principal section. 

5. liCt the axis A'X' of the scalene eight-sided pyramid 
be = m. a (where a is = AX, the axis of an isosceles four- 
sided pyramid, the side of the horizontal projection of 
which, SS' is = 1, and m a variable co-eflicient, greater 
than 1 + V 2 (§ 103.)) ; the acute terminal edge = y » 
the obtuse = x ; the edge at the base = z ; we obtain 

/ 2 (m. a® + 1 ) 
cos.y = — K 


cos. 


(m® + 1) a® 


-+■ 2 
+ 2 




cos. z 


I— ^ • 

‘ VOn** + lla" + 2/ 

, _ /(m= + l)n* — 2Y 

'■(in'* + 1) a* + ‘i/ 
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And 

cos. y = — i (1 + cos. z 

+ 2. (cos. X + cos. z) (1 + cos. x)]) ; 
cos. X » — . (1 -h cos. z 

-\-2. ^ [^(cos. y + cos. z) (1 + cos. y)]) » 
cos. z = — (S 4* 2. cos. y + 2. cos. x 

4- 2. V [2 (1 + cos. y) (1 + cos. x)]). 

§. 57. THE TETEAHSBRON. 

The Tetrahedron, Figs. 13. 14., is contained un- 
der four equilateral triangles. 

1. The plane angles a, a, a of the tetrahedron are ss 60® ; 
the angles of incidence, at the edges A, A, Ac. (their magni- 
tude) = 70® SI' 44". 

2. The sections of the tetrahedron are rhombohedral and 
prismatic; one of the latter, through tjie centre, is a 
square. 

3. The principal axes are rhombohedral ; they join the 
solid angles with the centres of the opposite faces ; their 
number is four, and they intersect each other at angles of 
100® 28' 16" and 70® 31' 44". T/teso anglrs of intersection 
arc general for the rlwmholicdral axes^ xchcncvcr more than one 
occur in the same form, 'fhe subordinate axes are prisma- 
tic ; tliey join the centres of opposite edges ; their number 
is three, and they arc perpendicular to each other- 

4. The tetrahedron is a regular solid of geometry. 

5. This form occurs, either by itself or in combina- 
tions, in tetrahedral Copper-glance, in dodecahedral Gar- 
net-blende, &c. 


The principal sections and horizontal projections of 
the forms of several axe» being of comparatively little use, 
and besides very easily ascertained, I have thought it 
superfluous to enter here into a greater detail. 

VOL. I. D 
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§. 58. THE HEXAHEDBOK. 

The Hexaliedron, Fig. 1., is contained under six 
squares. 

1. All the angles of the hexahedron, those of the faces 
as well as those of the edges, arc 00°. 

2. The sections are rhombohedral, pyramidal, and pris- 
matic : so are the axes. 

3. The rhombohedral axes pass through the solid angles ; 
the pyramidal axes, whose number is three, through the 
centres of parallel faces, and these are perpendicular to each 
other ; and this again is general to the pyramidal axes^ 'whenever 
more than one occur in the same form. The prismatic axes, 
whose number is six, pass through the centres of parallel 
edges ; those which belong to parallel edges, intersect each 
other at right angles ; those which belong to edges that are 
not parallel, at angles of 60° and 120°; and those arc again 
general angles for the prismatic axes, 

4. The hexahedron or cube is a regular solid of geometry. 

5. This form is frequently met with in nature, as in 
octahedral Fluor-haloidc, hexahcdral Iron-pyrites, &c. 

§. 59. THE OCTAHEDBON. 

Tlje Octahedron, Fig. 2., is conUuned under 
eight equilateral triangles. 

1. The plane angles of the octahedron are = 60° ; tlie 
edges or aqjjfles of incidence = 100° 28' 16". The angles 
of incidence of the octaliedron and of the tetrahedron are 
supplemental to each other (to 180°). Thc.se angles are 
the same as those at which the rhombohedral axes inter, 
sect each other (§. 57. 3.). 

2. The sections and axes are the same as in the hexahe- 
dron ; only the rhombohedral axes pass through the centres 
of parallel faces, and the pyramidal axes through the solid 
angles. 
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3. The octahedron is a regular solid of geometry. 

4. This form occurs very frec^uently in different species, 
as in octahedral Corundum, octahedral Iron-ore, &c. 

§. 60. DODECAHEDRONS IN GENERAL. 

The J)odecahedrons are contained under twt*lvc 
equal and similar faces, the figure of which detcr- 
» mines tlie kind of the dodecahedrons. A dodeca- 
hedron wliose faces are triangles, is termed a 
7Vi]gowa/-dodecahedron,; one whose faces are tetra- 
gons, a TV^ragonaZ-dodccahcdron ; and one whose 
faces are pentagons, a Pe^nto^ona^-dodccahedron. 

1. None of these dodecaliedrons are regular in the geo- 
metrical sense of the word ; for their faces are not regular 
polygons ; besides, they have at least two /Ixffercnt kinds of 
angles, and, one of the dodecahedrons only excepted, they 
have also at least two kinds of edges. 

§. 61. TEIGONAL-DODECAHEDBONS. 

The Trigonal-dodecahedrons, Figs. 15. 16., are 
contained under equal and similar isosceles triangles. 

1. The trigonal-dodccahcdroiis possess the general aspect 
of the tetrahedron, and their sections and axes are of the 
same kind, and in the same situation. 

2. They contain four solid angles of tbcee, and four of 
six faces ; both of them being ccpiiangular. The first are 
monogrammic, and correspond to the centres of the faces ; 
the others arc digrammic, and correspond to the solid angles 
of the tetrahedron. 

3. Of the two kinds of edges of the trigonal-dodecahe-^ 
drons, the first, or those joining the angles of six faces, 
have the situation of the edges of the tetraliedron ; the 
others meet in the solid angles of three faces, upon tlio 
centre of the faces of that form. 
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4. There are two known varieties of these dodecahe* 
drons, whose dimensions are as follows : 

a h* Af S* 

J. 117® 2' G". 31® 28' 50". 109® 28' 16" 146^ 26' 33". 

2, 112* 63' 7". 33” 33' 204". f20“ 31' IG". 123” 31' 1C", 

* 5. Of the first variety of this form we have er^inples in 
tetrahedral Copper .glance ; of the second variety, in dode- 
cahedral Garnet-blende. 

§. 62. TETRAGONAL-DODECAHEDRONS. 

The Tetragonal-dodectdiedrons are contained 
under equal and similar tetragons. 

1. There are two kinds of these forms. 

2. Of the faces of the onc^ two are always parallel to 
each other, and they contain two pairs of equal angles. Of 
the fiwies of the other, no two faces arc parallel, and they 
contain only one pair of equal angles, the remaining two 
being also different betwixt themselves. All the edges of 
the former are equal, while the latter possess two kinds of 
different edges. 

3. From this last mentioned difference, the denomina- 
tions of the two kinds are derived ; the first containing the 
ntoncfframmiCf the second the digrawnic Tetragonal-dodeca- 
hedrons. 

§. 63. THE M 0 N 06 RAMMIC TETRAGONAL-DODECA- 
HEDRON. 

The filces of the monogrammic Tetragonal-do- 
decahedron, or of the Doiecdhedroiiy Fig. 31., arc 
rhombs. 


• The small letters a, b, signify the plane angles of the 
faces, and the large ones A, B, the angles of the incidence 
at the edges, as referring to the figures. 



§. 64. OF SIxXIPLE FORMS IN PARTICULAR. S3 

1. The plane angles of these rhombs are = 109® 28' 1C" 
and 70® 31' 44", equal to the edges of the octahedron (§. 59. 

1.) and of the tetrahedron. They are equal also to the 
angles of intersection of the rhombohedral axes (§. 57* 1* 
3.). The edges are all L 120®. 

2. The monogrammic Tetragonal-dodecahedron has eight 
solid angles formed by three, and six formed by four fiiccs; 
both of them are equiangular. The first are situated like 
the solid angles of the hexahedron, the second like those of 
the octaliedron. 

3. The sections and axes are as in these. The rhombohe* 
dral axes pass through th& solid angles of three, the pyrami- 
dal axes through the solid angles of four faces, and the pris- 
matic axes through the centres of parallel faces of the solid. 

4. There is only one variety of this form, which is com- 
monly expressed by the name of tl%e Dodecahedron* 

b. The dodecahedron is not a rare form ; it is found in 
dodecahedral Garnet, hcxahedral Gold, ^c. 

§. 64. DIGBAMMIC TETBAGONAI.-DODBCAHEDB01iIS. 

The faces of the digrammic Tetragonal-dodeca. 
hedrons, Figs. 17. 18., possess the outlines of those 
inscribed in a Trapezium. 

1. The digrammic Tetragonal-dodecahedrons have the 
general aspect of the tetrahedron. 

2. They contain two kinds of solid angles formed by three 
faces, four of each. Both kinds arc equiangular. The 
more acute correspond to the solid angles, *thc more obtuse 
to the centres of the faces of the tetrahedron. They possess 
moreover six solid angles of four faces, which are equian- 
gular, but digrammic, and situated above the centres of the 
edges of the tetrahedron. 

3. Of the two kinds of edges of these forms, the more ob- 
tuse join in the obtuse, the more acute in the acute solid 
angles formed by three faces, and both in the solid angles 
consisting of four faces. 
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2. This form contdns three kinds of edges ; the first meet 
in the more acute, the second in the more obtuse equian« 
gular solid angles, and the third join those which are form* 
cd by three different plane angles. 

3. Its sections are rhomboUbdral ; and it does not pos* 
sess any other but rhombohedral axes, in conformity with 
the sections. 

4. These solids are remarkable, on account of their being 
as it were twisted, some to the Ilight, others to the Left. ' 
They are equal and similar to each other ; but every part of 
the one, has exactly the reverse situation of the other. 

5. The dimensions of the t)iree varieties of this form, arc 
as follows : 

a. b. c. d. 

1 . 116“ 6' 13". 111“ 60' 44". 93“ 49' 21". 143“ 11' 29". 

2 . 113“ 21' 46". 113“ 43' 28". 99“ 35' 38". 130“ 12' 11". 

3 . 113“ 34' 41". 128“ 20' 44". 97“ 59' 19". 136° 39' 67"- 

e. * A. B. C. 

1. 75“ 2' 13". 141“ 47' 12". 94“ O' 45". 100“ 36' 2". 
% 83“ 6' 57". 131“ 4' 57". 78“ 27' 46". 116“ 22' 37". 
3. 66“ 25' 19". 131“ 48' 37 ". 95“ 27' 54". 121“ .35' 18". 

6 . This form has not yet been found in nature ; and the 
angles of the mentioned varieties depend upon those of the 
tetraconta-octahedrons, §. 77- 134. 

§. 68. ICOSITEXBAHEDBONS IN GENEBAL. 

The Icositetrahedrons are contmned under twen- 
ty-four equal'and similar faces, the figure of which 
determines the kinds of icositetrahedrons. An 
icositetrahedron, whose faces are triangles, is 
termed a TV^ono^icositetrahedron ; one whose 
faces are tetragons, a TVtragona^icositetrahedron ; 
and one whose faces arc pentagon^ a Feniagoml- 
icositetrahedrdn. 
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1. None of these icositetrahedrons are geometrically re< 
gular, 

§. 69. TBIGONAL-ICOSITKTRAHEDBONS. 

The Trigonal-icositetrahcdrons are contained un> 
dcr equal and amilar, isosceles or scalene triangles. 

1. This species of icositetrahedrons comprises three 
kinds, different from each other by their general aspect, 
and the situation of their faces. 

2. The varieties of the,first kind have no parallel faces ; 
they exhibit the general aspect of the tetrahedron, and are 
therefore said to be tetrahedral ; the varieties of the second 
have parallel faces, and the general aspect of the hexahe- 
dron ; these are termed hcxahedral ; the varieties of the 
third jiosscss also parallel faces, but the general aspect of 
the octahedron, and these are termed oeiahcdral Trigonal- 
icositetrahcdrons. 

§. 70. TETBAHEDRAL XRICONAL-ICOSITETBAHE- 
DKONS. 

The faces of the tetraliedral Trigonal-icositetra- 
hcdrons, Figs. 25. 26., are scalene triangles. 

1. These forms have four solid angles, and six faces, all 
of which are ecjuiangular and digrammic. Those contained 
by four fiices, six in number, are situated above the 
centres of the edges ; the nioi e obtuse solid angles of six 
faces, four in number, above the centres of the faces of the 
tetrahedron, and the more acute solid angles formed by 
the same number of faces, also four in number, correspond 
to the solid angles of this form. 

2. There are three different kinds of edges in this form. 
The longest join those solid angles of six faces which are 
not similar to each other, the intermediate ones the more 
acute, and the shortest the more obtuse of these solid angles 
with those which are bounded by four faces. 
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3. The sections and axes are as in the tetraliedron. The 
prismatic axes pass through the solid angles of four faces. 

4. There are three varieties, of the following dimensions : 

a. b. c. 

1. 50° 15' 4". 82“ 28' 19". 41“ 21' 37". 

2. 53“ 46' 42". 82“ 17' 68". 43“ 66' 20". 

3. 64“ 21' 34". 85“ 19' 19". 40“ 19' '7" 

A. B. C. 

1. 110“ 55' 29". 158“ 12' 48". 168“ 12' 48". 

2. 122“ 52' 42". 152“ 20' 22". 152“ 20' 22". 

3. 124“ 51' 0". 144“ 2' 68". 162“ 14' 50". 

5. The third variety of tins /orm has been observed in 
hexahedral Boracite ; the other two depend upon the first 
and second variety of the tetraconta-octahedron, §. 77- 133. 

§. 71. HEXAHEDRAL TAI&ONAL-ICOSITETBAHE- 
DROKS. 

The faces of the hexahedral Trigonal-icositctrahc- 
drons, Fig. 32., are isosceles triangles. 

1. The solid angles consist either of four or of six faces, 
and are all equiangular. The first, six in number, are mo- 
nograinmic, and situated above the centres of the faces ; 
the second, eight in number, and digrammic, arc situated 
like the solid angles of the hexahedron. 

2. Those edges of the form which correspond to the 
edges of the hexahedron, join the angles of six faces with 
each other ;«tbe others join the solid angles of six faces 
with those oV four faces. 

3. The sections and axes arc as in the hexahedron. 

4. There are three varieties of these forms, whose dimen- 
sions are the following : 

a. b. A* B. 

1. 79“ 31' 28". 50“ 14' 16". 157* 22' 48" 133» 48' 47". 

2. 83° 37' 14". 48“ 11' 23". 143° 7' 48" 143* 7' 48". 

3. 86“ 58' 50". 46* 30': 304". 126’ 52' 12". 164’ 9' 20". 
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5. The second variety occurs in dodecahedral Garnet, 
the third in octahedral Fluor-haloide ; the angles of the 
first depend upon those of the first variety of the dodeca- 
hedrons, §. 66. 130. 

§. 72 . OCTAHEDRAL TBIGONAL-ICOSITETBAHEDRCtNS. 

The faces of the octahedral Trigonal-icositctra- 
'hedrons^ Fig. 33.^ arc isosceles triangles. 

1. Their solid angles consist of either three or eight 
faces, and are equiangulat> The first, eight in number, 
are monogramniic, and correspond to the centres of the 
fiices ; the second, six in number, are digrammic, and cor- 
respond to the angles of the octahedron. 

2. Those edges, which have the situation of those of the 
octahedron, join the solid* angles of eight faces with each 
other ; the other edges unite two dissimilar solid angles. 

3. The sections and axes are as in the octahedron. 

4. There is only one variety known, of the following 
dimensions : 

a. h. A. 

IIBM'IO''. 30°3r65". 141® 3' 28". 162® 44' 2" 

4. Examples of this form are found in octahedral Fluor** 
haloide, hexahedral Lead-glance, &c. 

§. 73 . TETRAGONAL-ICOSITETBAHEDRONS. 

The Tetragonal-icositctrahedrons,^pre contained 
under equal and similar tetragonal faefes. 

1. This species of icositetrahedrons comprises two kinds, 
the varieties of which are distinguished from each other by 
the figures of their faces, and by several properties depend- 
ing upon them, chiefly by the diversity of their edges, ac- 
cording to which, they also receive their denominations. 

2. The varieties of the first kind, contain only two dif- 
ferent edges, and are termed digrammk >• whilst the second, 
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or irigrammie TetragonaL-icoutetraliedrons, possess three dif. 
ferent kinds of edges. 

§, 74. DIGEAMMIG TETBAGONAL-ICOSITETEAHE- 
DBONS. 

/ 

The digrammic Tctragonal-icositetrahedrons, 
Fig. 34., are contained under tetragonal faces, 
-which can be divided by one of their diagonals, 
in two isosceles triangles. 

1. These icositetrahedrons possess three different kinds 
of solid angles, one of which is fonned by three, the others 
by four faces ; all of them are equiangular. The first arc 
monogrammic, eight in number, and correspond to the solid 
angles of the hexahedron. Of the second, six are mono- 
grammic, and correspond to the solid angles of the octahe- 
dron ; the other twelve arc digrammic, and correspond to 
the centres of the faces of the dodecahedron, (§. 63.). 

2. Tliesc forms possess two kinds of edges, the one 
terminating in the solid angles of three faces, the other in 
those which are produced by four equal edges. 

3. The sections and axes are the same as in the hexahe- 
dron, the octahedron, &c. The rhombohedral axes pass 
through the solid angles of three faces, the pyramidal axes 
through the monogrammic, and the prismatic axes through 
the digrammic solid aisles consisting of four faces. 

4. There are two vanetics known in nature, of the follow- 
ing dimensions : 

a. b. c. A. •B. 

1. 78°27'46". 82° 15' 3". 117° 2'8". 13l°48'36". 146”2C'33". 

2 , 84°16'39". 8r25'.S7". 112°53'7". 144°54'11". 129°31'16". 

5. Examples of the first variety of these forms we have 
in hexahcdral Kouphone-spar and dodecahedral Garnet; 
of the second, in octahedral Fluor-haloide and dodecaliedral 
Corundum ; of both, in hexahedral Iron-pyritcs. 
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§. 75 . TRIOBAMMIC TETRAGONAL-ICOSITETBAHE- 
DRONS. 

The trigrammic Tctragonal-icositetrahedrons, 
Figs. 27. 38., are contained under tetragonal faces, 
which cannot be divided in two isosceles triangles .by 
any of tlieir diagonals. 

1. The angles of these forms consist of either three or 
four ^es. The first are monogrammic, equiangular, eight 
in number, and they are situated like the solid angles of 
the hexahedron. Of the solid angles of four faces, six are 
equiangular and digrammic, and they are distributed like 
the solid angles of the octahedron ; the other twelve are un- 
equiangular and trigrammic, and they have the situation of 
the digrammic solid angles in the hexahcdral pentagonal- 
dodecaliedron (§. GO. 1.). 

2. Of the three different kinds of edges^ the first termi- 
nate in the solid angles consisting of three faces ; the first 
and second in the digrammic, and the first, second, and 
third, in the trigrammic solid angles, bounded by four faces. 

3. The mutual inclination NOP of the longest or greatest 
edges, in the digrammic solid angle, is the Characteristic Angle 
D of the trigrammic tetragonaUicositetrahedron. 

4. The sections and axes are the same as those of the 
hexahedral pentagonal-dodecahedrons ; the rhombohcdral 
axes pass tlftough the solid angles of three faces, the pris- 
matic axes through the digrammic solid angles of four faces. 

3. There are three varieties of these formjs, whose dimen- 
sions are as follows : 

a. b. c. d. 

1 . lOC'Sa' 7". 79" 63' 60". 110° 6' 13". 67" O' 60". 

2. 104° 38' 26". 84" 12' 32". 113° 21' 48". 67° 47' 17". 

3 . 96° 13' 37". 83° 46' 23". 113° 34' 41". 66° 26' 19". 

A. B. C. D. 

1 . 148° 69' 60". 116° 22' 37". 141° 47' 12". 112° 37' 12". 

8. 160° 32' 13". 118° sy 9". 131° 4' 57". 118° 4’ 10". 

3 . 164° 47' 28". 128“ 14' 48". 131’ 48' 37". 126° 62' 12". 
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6. All these varieties are met with in hexaliedral Iron- 
pyrites ; the first also in hexahedral Cobalt-pyrites. 


§. 76. PENTAGONAL-ICOSITETEAHEDBONS. 

yhe Fentagonal-icositetrahcdrons, Figs. 29. 30., 
are contained under irregular pentagonal faces^ all 
the angles of which are diiTerent, but which possess 
two pairs of equal sides. 

1. These forms contain three kinds of solid angles, two 
of which consist of three, and one of four faces. Eight of 
those formed by three faces are equiangular and mono- 
grammic ; these are situated like the solid angles of the 
hexaliedron : the other twenty-four are unequiaiigular and 
trigrammic ; the situation of these is similar to that of the 
trigrammic §olid angles in the tetrahedral pentagonal-do- 
decalicdron (§. G7* 1.). The six solid angles of four faces 
are equiangular, monogrammic, and correspond to the solid 
angles of the octahedron. 

2. There are three different kinds of edges ; the first 
terminate in those solid angles which are produced by the 
concurrence of three equal edges ; the second terminate in 
the solid angles of four faces ; and the third join those solid 
angles with each other, which do not consist of equal plane 
angles. 

3. The sections are rhombohedral and pyramidal, as 
also their corresponding axes. The pyramidal axes pass 
through th^^ solid angles which contain four, the rhoni- 
bohedral axes through those which contain three equal 
plane angles. These forms possess no prismatic axes at all, 
and agree with the tetraliedral pentagonal-dodecahedrons, 
in this particular as well as in the occurring difference be- 
tween right and left. 

4. The dimensions of the three varieties of these forms 
are as follows s 



§. 77. OF SIMPLE FORMS IN PARTICULAR. G8 

A* b« c» <!• 

1. 77° 26' 40". 126“ 18' 63". 110“ 6' 13". 93° 49' 21". 

2. 80° 24' 22". 132° 64' 46". 113° 21' 40". 113° 43' 28". 

3. 82° 14' 1". 116° 18' 18". 113° 34' 41". 123° 12' 38". 

e. A.« B. C. 

1. 126° 18' 63". 130° O' 19". 141° 47' 12". 141° 47' 1^. 

2 . 99° 35' 38". 136° 35' 43". 131° 4' 57". 145° 67' 8". 

3. 105° 40' 22". 149° 37' 57". 131° 48' 37". 135° .35' 43". 

5. This form has not yet been found in nature ; the 
angles of the three varieties depend upon those of the te- 
traconta-octahedrons, §. 77- 130. 

§. 77 . TETEACONTA-OCTAIIEDROIQS. 

The Tetraconta-octahedrons, Fig. 35., are con- 
tained under forty-eight .scalene triangles. 

1. The solid angles of these forms are 1i}oundcd by four, 
six, or eight faces ; they are equiangular and digrammic. 
Twelve consist of four faces, and are situated above the 
centres of the faces of the dodecahedron ; eight consist of 
six faces, and correspond to the solid angles of the hexalie- 
dron ; and the remaining six, which consist of eight &ces, 
are distributed like the solid angles of the octahedron. 

2. Of the three different kinds of edges of these j&)rms, 
the first, being the longest, join the solid angles of six faces 
with those of eight faces ; the second or intermediate join 
the solid angles of eight faces with those of four faces ; and 
the third, which are the shortest, unite tbf solid angles of 
six faces with those of four faces. 

3. The sections and axes are as in the hexahedron, in the 
octahedron, &c. The rhomboliedral axes pass through Uie 
solid angles of six £ices, the pyramidal axes through the 
solid angles of eight faces, and the prismatic axes through 
the solid angles of four faces. 

4. There are three varieties of those forms, of the fol- 
lowing dimensions : 
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a. 

1 . 86° 56' 2.V'. 

2 . 87' 34' 49". 
8. 85' SV 23". 


b. 

56' 15' 4". 
53° 46' 42". 
54* 21' 34". 


c. 

36* 48' 31". 
38' 38' 29". 
39' 48' 3". 


A. B. C. 


1 . 16ff> 12' 48". 148“ 59' 50". 158* 12' 48". 

2 . J52* 20' 22". 160“ 32' 13". 152* 20' 22". 

8. 162* 14' 50". 154* 47' 28". 144* 2' 58". 

6. The first of these varieties occurs in dodecahedral 
Garnet; the third in octahedral Fluor-haloide ; the se- 
cond depends upon the second variety of the icositetrahe- 
drons, §. 75. 133.* 


CONSIDERATION OF THE CONNEXION AMONG SIMPLE FORMS, 
AND OF TUli RELATIONS, UPON WHICH IT DEPENDS. 

§. 78 . OBSERVATIONS. 

There exists a very remarkable connexion among 
several simple forms, which depends not only upon 
the kind, but also upon the relative dimensions of 
these simple forms. 

It is a matter of fact, sufficiently demonstrated by nu- 
merous pbservations, tliat certain crystalline forms are iie- 


The preceding enumeration of the varieties of tessular 
forms, as occurring in nature, is by no means complete. 
Several varieties of the digrammic tctragonal-icositetra- 
hedron (§. 74.), of the tetraconta-octahedron (§. 77*)9 and of 
other forms, have already been observed ; for instance, in 
octahedral Fluor-haloide, in dodecahedral Garnet, in hexa- 
hcdral Iron-pyrites, &:c. but not with a sufficient degree of 
accuracy. It is to be expected, that our knowledge of these 
forms will be considerably enlarged by a more accurate ex- 
amination of nature. 
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cullar to certain mineral species, whilst others are never 
found in the same substances. Thus hexahedrffl Gold is 
found in hexahedrons, but never in rhombohedrons ; rhom« 
bohedral Lime-haloidc in rhombohedrons, never in hexa<* 
hedrons. 

Experience proves quite as generally that varieties of one 
and the same accurately determined mineral species, may as- 
sume several diflerent forms of crystallization ; hexahedral 
Gold, beside the form of the hexahedron, assumes also that 
of the octahedron, of the dodecahedron, of the digrammic 
tetragonal-icositctrahedron, &c. $ rhombohedral Lime-ha- 
loide, besides rhombohedrons, exhibits also several isosceles 
and scalene six-sided pyramids, and regular six-sided prisms; 
and we may frequently observe, that even in one and the 
same individual of such species, several of those simple 
forms appear at the same time, or in connexion with each 
other : thus, in hexahedrahGold, the hexahedron occurs in 
one individual with the octahedron ; in rhombohedral Lime- 
lialoide, rhombohedrons* are found with pyramids, with 
prisms, &c. 

It is likewise demonstrated by experience, tliat two or 
more simple forms, if they appear at the same time, in a 
species or an individual, do really possess certain dimen- 
sions or relations towards each other, and that other forms, 
though of the same kind with the preceding, are exclud- 
ed from such species, merely on account of their dimen- 
sions. Thus the species of rhombohedral limc-haloide docs 
not present indiscriminately the forms of any rhombohe- 
dron, or of any six-sided pyramid whatever ; but we find 
only such as possess certain dimensions, *iJipon which the 
symmetry of their combinations depends. 

Natural History does not lead us to inquire into the fi- 
nal cause of that remarkable fact, why the cr^'stals of hexa- 
hedral Gold should he hexahedrons, octahedrons, &c. ; and 
why those of rhomboliedral la'nie-haluide should be rhom- 
bohedrons and six-sided pyramids of certain dimensions. 
Such (piestions, supposing even that they were capable of 
being answered, are not withm the province of Natural 

VOT.. I. }'. 
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History (§. 5.). But Natural History endeavours to de« 
termifte the relations under which crystalline forms of cer- 
tain dimensions appear in the individuals of the same spe- 
cies, or come into connexion with each other. These re- 
searches not only form part1)f the peculiar object of Na- 
Jtural History ; but this science derives the greatest advan- 
tage from them in its farther devclopement. 

§. 79 . DERIVATION. 

The method employed in Natural History for 
determining the kind and the relations of crystal- 
line forms, which occur in the individuals of the 
same species, or come into connexion with each 
other, is called the Derivation. 

To derive one simple form from anotlier, is to shew 
how, according to a certain general rule, it arises, or is 
produced from it. The processes of derivation consist in 
geometrical constructions, which are not gratuitously ima- 
gined, but deduced from observation ; and their correct- 
ness and applicability, though evident from their very ori. 
gin, is thoroughly confirmed by the exactness with which 
the phenomena in nature can be explained. 

There are several of these rules or metliods of proceed- 
ing by which the derivation can be effected. Of these 
different methods, those must be selected which will ap- 
ply to the quality of the form from which the derivation 
is to start, ^ftid which is termed the given form. The pro- 
duct of derivation is called the derived form. The derived 
and given forms are either of the same, or of different kinds. 
The derived form is a simple form, like the given one ; or, 
should this not be the case, it must be resolved into two or 
more simple forms. The derived form having thus been 
developed, the relations existing between this and the 
given one are to be determined. 
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§. 60. FIRST PROCESS OF DERIVATION. 

The first process of derivation requires tangent 
planes (§. 36.) to be placed on certain edges of the 
given form, and enlarged till they limit the space 
cither entirely, or at least as far as the number and 
situation of the faces will allow. 

If the edges to which the tangent planes are applied, be 
equal or homologous, as, for instance, the terminal edges 
of the rhomhohedrons, aiii of the isosceles four-sided pyra- 
mids, or the acute and obtuse terminal edges of the scalene 
six or eight-sided pyramids ; this process will yield a simple 
form at once, which is the derived form itself. 

If, on the contrary, the edges in which the tangent planes 
are to be laid, be not homologous, as is the ease in the 
acute an<l the obtuse terminal edges of Jthe scalene four- 
sided pyramids ; this process will not give a simple form, 
but a compound one, which is contained iiinler faces 
not homologous with each other. Compound forms of 
this kind are not the derived forms themselves (§. 70>), 
though they either contain them, or at least may be em- 
ployed for their ulterior derivation. They are considered 
as Auxiliary or Intermediate Forms, 

All intermediate forms belong to that given form, from 
which they result by the above mentioned process. 

§. 81. SECOND PnoCESS. 

The second process requires the axis of a form 
contained under tetragonal faces, to be produced 
on both sides, to' an undetermined but equal length ; 
.straight lines to be drawn from the lateral angles 
of the tetragonal faces towards the terminal points 
of the lengthened axis, and planes to be laid on 
every contiguous pair of thetn. The derived form 
is contained under these planes. 
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This process is not limited to forms which, like the rhoin- 
boliedroii, are originally contained under tetragonal faces ; 
hut it can be extended to sucli as are originally contained 
under triangles, and is therefore applicable to pyramids of 
every description. In this caSe, however, the given form 
requires a certain preparation, the nature of which will be 
explained in its proper place. 

Forms produced in this way, if simple, are the derived 
forms themselves; if compound, they arc, like those in’ 

80 ., considered as intermediate or auxiliary forms, and 
made use of accordingly'. 

Of intermediate forms in general, it may here be re- 
marked, that, by enlarging their homologous faces, till the 
rest disappear, they may be resolved, and by that means tlio 
simple forms which they contain, may be extracted. 

§. 82. THIRD PROCESS. 

The third process requires planes to be laid on 
the terminal edges of the given form, which may 
likewise be an intermediate one (§. 80. 81.) ; their 
number and inclination being such, that the inter- 
sections of the faces from both apices produce a 
plane figure, similar and parallel to the horizontal 
projection of the given form. The derived form is 
contained under these planes. 

The nuiqlier of faces contiguous to every t(?nninal edge, 
as employed in this process, is either one or two; more 
£han two faces can never be applied to one terminal edge. 
This process in some cases ailbrds a determined solution of 
a problem, w'hich it would be impossible to obtain from a 
process analogous to that of §. 80 . 

§. 83. FOURTH PROCESS. 

The fourth process requires the consideration of 
those differences which take place in the situation 
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(H) 

of a Moveable Plane^ tangent to the iij)pL‘rnu)st 
point of a vertical rliombohcdral axis in a form. ol‘ 
several axes. 

The last process relert only to those forms which jiossess 
several axes ; while the three metliods of (lerivati4>Ji 
scril)e(l above, arc more particularly iiitcmled for such as 
have only one axis. The fourth process produces only 
simple forms. 

§. 84. POSITION OF THE DERIVED FORMS. 

Uy the application of tliesq processes of deriva- 
tion, the derived forms are obtained in sucli |)osi- 
tions in respect to the given one, as will enable 
them to produce symmetrical combinations, both 
with the given form, and among each other. 

In forms of several axes, this is the ])arallel position 
(1:5. lit). In those of only one axis, it must Ixe determined 
ill particular, according to the quality of the forms con- 
cerned. It is suilicicntly demonstrated by all compound 
forms occurring in the individuals of the mineral kingdom, 
that the simple forms of which they consist, in every in- 
stance are found in such positions as are assignc<l to them 
by the derivation and by the connexion which it produces 
between Ibrnis of a certain quality. 

§. 85. SERIES. 

If Olio of the jiroccsscs described above yields 
a derived form of the same kind as the given form, 
the same process may he applied also to this 
derived form ; and not only to this, but also to the 
new jirodiict of the derivation, and so on. The as- 
semblage of forms thus pnidiiced, and following 
each other, is termed a Series. 
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Series may also be produced, allliough the derived form 
be not of the same kind as the given form ; yet this does 
not (ake place so immediately as under the circumstances 
noticed. 

These series form a peculiar feature, and are of the 
greatest importance in the Method of Crystallography de- 
veloped in this work. 

A constant ratio exists between every two subsequent 
members of those series. The general expression of this 
ratio is the Law of the Series, 

Upon the series themselves is founded the method of 
Crystallographic Designation (^. 90.)» 

§. 86. LIMITS. 

The limits of the series of those forms which pos« 
sess one axis, are Prisms of infinite axes. 

There is n6 reason why a series produced by derivation 
(§. 85.), should stop at a member, as long as another ulte- 
rior one can still be derived from it. This Is always pos- 
sible, as long as those dimensions, which are altered by 
the derivation, remain finite. All members in which this 
is the case, are termed finite members. If a member re- 
ceives infinite dimensions, the derivation ran no longer be 
continued. The limits of derivation, and consequently 
the limits of the series arising from it, are therefore at- 
tained, if the dimensions of these forms ])ccome infinite. 

'riie dimensions of forms which most conveniently may 
be supposed 4 , grow infinite, or infinitely small, are the 
axes ; if these be infinite, the form becomes a prism ; on 
tlie contrary, if they be infinitely small, it becomes a plane. 
Prisms of infinite axes, and planes of infinite extent, arc, 
tlierefore, limits of all the series of those forms which 
contain one axis. 

Forms of infinite dimensions can never appear by them- 
selves. Those which occur in nature, and consist of termi- 
nal and lateral faces, are only segments, or parts of those 
prisms of infinite axes. The lateral faces of the prism 
represent the limit of the scries on one side ; the teniii- 
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nal faces or the base, the limit of the series on the other. 
Hence they are not simple, but compound forms ; and this 
is the reason why they have not been enumerated among 
the simple forms. The whole series is comprised within 
the two limits. The particular mode in which the limits 
of the series of different forms result, depends upon the 
quality of those forms themselves, and will be explained in 
particular in every series. 

Forms of several axes cannot have limits of this descrip- 
tion. However, if we suppose the different varieties of ho- 
mogeneous simple forms of variable dimensions (§. 70. 71* 73. 
770 to constitute scries ; I:he Umits of these series will be 
represented by those forms of many axes, whose dimen- 
sions are constant (§. d8. 59. G3.). 

§. 87. FUNSAMENTAI. FORM. 

That form, which serves as the base of the de- 
rivation (§. 81.), is termed the Fun£a,7nental Form, 

The idea of the Fundamental Form in the present me- 
thod, is well defined, and perfectly determined. Hence 
mere simple forms, or such as have hitherto been common- 
ly called fundamental, primitive or primary forms, must 
not be confounded with this idea. 

Fundamental forms must possess the following proper- 
ties. They must be, 

]. Simple forms; 

2. Forms not derivable from another fundamental form ; 

3. Forms which do not possess infinite axes; and 

4. Forms contained under the least pd^ible number of 

fiu;es, provided the form itself be not objectionable 
from other considerations. 

According to these characters, the fundamental fonns of 
the mineral kingdom will be, 

1. The Scalene Four •sided Pyramid , 

2. The Isosceles Four-sided Pyrdhiidy 

3. The RhomhohedroHy and 

4. The Hexahedron*' 
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1 . DEBIVATIONS FBOM THE SCABEBE FOUB'SIDED PYBAHIO. 

§. 88. DERIVATION OF MORE ACUTE AND MORE OB- 
TUSE PYRAMIDS, OF SIMILAR BASES WITH THE 
FUNDAMENTAL FORM. 

From every scalene four-sided pyramid may be 
derived a more obtuse pyramid of the same kind, 
possessing a similar base with the fundamental form. 

First of all, one of the prismatic axes of the given py- 
ramid is fixed upon as its principal axis (§. 41.) ; according 
to this the pyramid itself is brought into its upright po- 
sition (§. 42.). Apply, after the first process (§. 80.), tan- 
gent pknes to the terminal cjdges AB, AC, &c. of this form 
ABCB'CCX, Figs. 37-9 and enlarge them, till they intersect 
each other from all sides. There will arise a form AFGIIIX, 
contained under eight isosceles triangles, which, by four 
and four, are equal and slmUar to each other. If the form 
be considered as a four-sided pyramid, its base FGIH has 
the form of an oblong or rectangle. This is the intermediate 
form (§. 80.). It will be proper to observe here, that these 
intermediate forms are not mere geometrical conceptions, 
but that they are very frequently found in nature, and 
w'ill be fartlier explained in §. 97. 

Place now, after the third j)roccss (§. 82.), one plane 
on each of the terminal edges AF, AG, &c. of this inter- 
mediate fornV,' the inclination of this plane to the faces of 
the form, and to each other, being such as to enable them 
to intersect each other, after the necessary enlargement, in 
the plane of the base, and thus to produce a plane figure 
OUCTB'C', similar and parallel to BCB'C', the base of the 
fundamental form. These planes will contain the required 
form, namely, a sc^l^nc four-sided pyramid. 

This process ilSay also be appli^ inversely, that is to 
say, for any given scalene four-sided pyramid, we may find 
the one from which it is dexiVable, according to the method 
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described above. For this purpose inscribe that intorniediate 
form which belongs to the pyramid sought, in that which 
is given. This is effected by bisecting each of the lateral 
edges, and joining the points thus determined by straight 
lines ; after which, lines must be drawn from the angles of 
the oblong figure, which has thus been inscribed in the 
base 0^ the pyramid, to the terminal points of the aifis of 
the fundamental form. A rhomb is now inscribed in the 
rectangular base of the intermediate form ; the angles of 
the rhomb coinciding with the centres of the sides of the 
oblong. This rhomb will be similar and parallel to the 
base of the fundamental form. But it likewise represents 
the base of the derived form, which will be completed, if we 
draw straight lines from the angles of this rhombic figure» 
towards the terminal points of the axis of the fundamental 
form, and lay planes on every two of those lines, which 
are adjacent or contiguous to each other. 

§. 89. RATIO BETWEEN THE DERIVED AND THE 
FUNDAMENTAL FORM. 

The axes of two scalene four-sided pyramids, of 
which the one is derived from the other, according 
to §. 88., arc towards cacli other in the ratio of 
1, if the derived pyramid is more obtuse; in 
the ratio of 2: 1, if the derived pyramid is more 
acute than the given one. Tjie horizontal projec- 
tions of all these forms are su})posQd equal ; and 
the axis of the fundamental pyramid = 1. 

I^ct BCB'C', Fig. 517., represent the base of the fundaiiieu- 
tal form, which bisects the axis AX in IVI, the centre of 
the pyramid ; GAF will be a plane tangent to the termi- 
nal edge AC, HAF another plane tangent to the terminal 
edge AB, and consequently AFGIHX the intermeiliate 
form, whose base is the rcctanjjle FGIH. 

Circumscribe about ibis rectangle, a rhomb BCil 5 'C', 5 imi- 
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lar to the base of the fundamental form, and draw the 
lines ^A, CA, &c. These lines QI5A, CA, &c. will be 
terminal 'edges ; the planes “BACD, CACIB', &c. faces, and 
the base of the derived pyramid, which is repre- 
sented by ABCB'C'X. 

The triangle BMC is equal to the triangle BFC = A 
VCs = A 1BBF. Hence A OBMC = 4. A BMC, and 
OBCTB'C' = 4. BCB'C'. Therefore 'B€ = 2. BC, and BM 

2. BM. 

In the plane ^AM, draw the line BA' parallel to IBA ; 
the triangle BA'M will be similar. to the triangle IDAM, and 
mi : BM = MA : MA', 

hence 

MA' = i MA. 

If A^CWC'X be now supposed the fundamental pyra- 
mid, AFGIHX will be the inscribed auxiliary form, and 
ABCB'C'X the more acute "derived pyramid, to which the 
auxiliary form belongs (§. 80.). 

In the bases of both these pyramids, the triangle BMC 
is = i A miC; therefore BC = i m, and BM == J mi. 

Lengthen now the axis MA to the point S[, and draw the 
line in the plane 11321M. This is the terminal edge of 
the more acute derived pyramid, if its horizontal projection 
be supposed equal to that of the fundamental form. 

But on account of the similarity of the triangles BAM 
and '32,My the following proportion takes place : 

BM: 1DM = MA: M^, 

and therefore, 

im. ^ 2. AfA. 


§. 90. SERIES OF SCALENE FOUR-SIDED FYnAMID|, 
WHOSE BASKS ABE SIMILAR TO THE BASE OF THE 
FUNDAMENTAL FORM. 

If the derivation (§. 88.) be continued, a series 
of scalene four-sided pyramids of similar bases will 
arise, whose axes inercasc and decrease, like the 
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powers of the number 2 ; the horizontal projections 
always being supposed equal. 

There exist certain constant ratios in the homologous di- 
mensions of any two scalene four-sided pyramids, tiius de- 
rived from each other ; for the sake of an easier compari^n, 
they can be expressed by constant ratios between their axes, 
if referred to one and the same horizontal projection. 

Supposing the horizontal projection to be equal in all 
the pyramids considered, designate the fundamdhtal form 
by A ; and by B, C, D ... the derived ))yramids whose axes 
arc decreasing, by B', ... those whose axes are increas- 

ing : a fragment of the series, containing such members as 
are nearest to the fundamental form, will be represented by 
... D, C, B, A, B', C\ jy ... 

Let the axis of A be = a, the axis of B will be rs a, 
that of C = 4 . a ss a^ &c., that of B' = 2. a, that of 
=s 2. 2. a =3 4. a, &c. ; hence the fragment of the series 
given above, as expressed by the axes of its members : 

... g. a, a, a, a, 2. a, 4. a, 8. a ... 
and their ratio to each other = 

... I : { : 4 • 1 2 4 S ••• 

that is to say = 

... 2 — 3 :2 — 2 : 2— » : 20 : 2* : 2* : 2» ... 

The general member of this series, or the expression of 
the axis of an indeterminate n^*' member, will be = 2«. a, 
where a is the axis of the fundamental form, and 2'^ the 
L(nu of Progression. The number 2 is the Fundamental 
Number of the series. 

Upon laws of this kind is founded the hicthod of Crysm 
tal/offrap/iic Designation^ which is comprised under the fol- 
lowing rules. The fundamental form is expressed by any 
arbitrary letter. The same letter serves also for denoting 
such derived forms as are of the same quality as the funda- 
mental one, as is tlie case in the present instance, where the 
derived and the fundamental scalene four-sided pyramids 
possess similar bases ; but if the derived forms arc of an- 
other kind, the letter is transferred to these derived mcm« 
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bers, along with the modification or alterations thereby ren- 
dered necessary. Under both circumstances, the place of 
the member in the series to which it belongs, is expressed 
by the appropriate exponents of the fundamental form, to- 
gether with 4* or-— , their positive or negative signs. In the 
fundamental form, the exponent is » 0, and therefore not 
expressly indicated. 

liet P designate the fundamental form of the above- 
mentioned series ; the fragment of that scries will be 
... P— . a, P— . 2, P— 1, P, P 4 1, P 4 2, P 4 3 ... 

An indeterminate n**» member receives the designa- 
tion P 4 n, the (n 4 P.*4 n 4 1, where the number n 

may be either positive or negative. 

Since the ratio of the diagonals of the base b : c (g. 53.) 
is known from the dimensions of P, and remains the same 
in all the members ; the dimensions of any required mem- 
ber can be found, if the ratfo of its axis to that of the fun- 
damental fo¥m be known, and this ratio is indicated by 
tlie designation. One of the advantages of this designation 
consists, therefore, in affording a distinct idea of the forms 
themselves, speaking as it were to the eye ; at the same 
lime, it expresses tlie connexion existing among them, in 
ns far as they are derived from each other ; and, moreover, 
it contains every thing required for calculating the dimen- 
sions of any member, if those of the fundamental form, or 
of any other member, l)e known. 

The expressions of the cosines of the edges, as given for 
the scalene four-sided pyramid (§. 53.), refer to those of the 
pyramid P.^ ^ If, instead of a=, 2'-^" a- is substituted in these 
formulje, they are changed into the following expressions, 
w'hich refer to the pyramid P 4 n, 

cos. y = 2^” a“ — (2 «" a° + h -) e - . 

2*^.1 a- b® 4 (2^“ a® 4 b®) c® ’ 

* cos. X a- — ( 2^” a® 4 c®) h= . 

2^11 a® c® 4 (2^" a® 4 c®) b® ^ 

cos z = 

b® c® 4 (h® 4.C®) 

III order to find the cosine of any of tliesc angles for a 
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certain determined member of tlie series, of which P is the 
fundamental form, there is nothing required but to substi- 
tute for n that number which denotes the peculiar place of 
the member in the series. These general formuke are very 
useful in all crystallograflhic calculations. 

§. 91. LIMITS OF THE SERIES OF SCALENE FOUR- 
SIDED PYRAMIDS. 

The limits of the series, §. 90., are on one side an 
oblique-angular four-sided prism, whose transverse 
section is equal and similar to the base of the fun- 
damental form, and its axis infinite ; on the other 
side a plane, perpendicular to that axis. 

. 

The scries (§. 90.) may be continued on both sides, as 
long ^s the members obtained, or as long ds their axes, are 
finite quantities ; and there can be no reason why we should 
consider one of these pyramids as the last, because the de- 
rivation always will produce new members of the series. 
But when the axis becomes infinite, no more new members 
are produced ; and in this case the series breaks off, or ar- 
rives at its limits (§. 86.). These limits are therefore sca- 
lene four-sided pyramids of known bases and infinite axes. 

But suppose now the axis to decrease, the terminal edges 
will approach to the parallelism with the diagonals of the 
base, the inclination of the faces in these lines, or the ter- 
minal edges, to 180°, and the magnitude of ihe lateral edges 
to 0. The final term of these approximatfons is obtained, 
when the axis becomes infinitely small ; in this case the 
pyramid is transformed into a plane figure, similar to the 
base. 

The prism of an infinite axis is infinitely distant from P in 
the series of pyramids; or, in other words, there is an infinite 
number of members of the series between the fundamental 
form and that prism. The number n in that form, is there- 
fore = 00 . In the same manner* n is s= — co for the prism 
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of nn infinitely small axis. The crystallographic signs for 
these limits are P + oo and P — eo , and the series itself is 
thus represented between its limits ; 

P flS ... P -f 11 ... P 4 * GO . 

The algebraic expressions ki the preceding §. yield the 
^la ne angles of the base of P, which is equal to the trans- 
verse section of the prism of infinite axis, if n be supposed 
ss -f 09, as follows : 


b® 

cos. y = — 

b^' 

c® 

cos. X — 
’c* 


— c° 
+ c- 

— b« 
> b« 


The value of cos. z = — 1, indicates that one face of the 
P3’^ramid contiguous to the upper apex, and one contiguous 
to the lower apex, coincide in a single plane parallel to the 
axis, by which the lateral edge z becomes = 180®. 

Several members of this series, together with their in- 
termediate fbrms and limits, have been observed in nature. 
Thus, prismatic Topaz, presents three consecutive mem- 
bers, the intermediate form belonging to the most acute 
of them, and both the limits of the series. Two consecu- 
tive members, with their intermediate forms and limits, 
are known in several species, as in prismatic lame-haloide, 
prismatic Lead-baryte,, diprismatic Copper-glance, and 
others. 


§. 92. DERIVATION OF SCALENE FOUR-SIDED PYRA- 
MIDS OF DISSIMILAR TRANSVERSE SECTIONS. 

The menibers of the series of §. 90. serve as a 
foundation to several other derivations. From every 
one of them, several Pairs of scalene four-^ided Py^ 
ramids may be derived, the bases of which are dissi^ 
milar to that of the fundamental form, and partly 
also amongst themselves. 

The derivation is effected by the second process (§. 81.); 
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but this form being contained under triangular faces, must 
undergo a preliminary operation, before the process can 
be applied. 

Let AX, Fig. 40., be the axis, BCB'C' the base of the 
fundamental form, of whkh the faces BAG', C'AB', &c. are 
contiguous to the upper, and BXC^, COCB^ Sue, to the leyver 
apex df the pyramid. Enlarge now the planes of these 
faces tipwards and downwards, beyond the edges BC', C'B', 
&c. ; and in these enlargements describe the triangles B A'C', 
BX'C', &c. and C'A''B', C'X"B', &c. equal and similar to 
the faces of the fundamental form. This process deter- 
mines the situation of th^ points A', A", &c. X', X", &c. 
which, being joined by straight lines, will produce rectan- 
gular figures, similar and parallel to the base of the inter- 
mediate form (§. 90.). These rectangular figures are per- 
pendicular to the axis of the fundamental form, which they 
intersect in the points A add X. This mode of transform- > 
ing triangular planes in such as are rhomboidal, is the pre- 
paration of forms mentioned above (§. 01.). 

After this preparation, let the axis of the fundamental 
form be produced on both sides to an indefinite but equal 
length, so as to have A91 = Xjf or = Mjf ; and 
draw straight lines from the points A, See. of the lower 
rectangle towards ft, which is the upper point, from the 
points X', X", &c. of the upper rectangle towards J , which 
is the lower terminal point of the lengthened axis, and 
from the angles B, C, B', C', of the base of the fundamen- 
tal form, towards both these extremities. If planes be now 
laid on every contiguous pair of these lines, those faces 
which are inclined towards the upper apel, will intersect 
those which are inclined towards the lower apex, in the 
lines BS, SC^, C^S^, &c., and thus produce a form con- 
tained under sixteen scalene triangles. 

The triangles BMft and C'Mft are rectangular in M, 
and the line Mft is common to both. But BM is either 
greater or less than C'M ; therefore, also, Bft will be 
greater oij less than C'ft. Hence the two faces BftS 
and G'ftS of the derived form, •contiguous to the edge ftS, 
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are not homologous with each other ; and the form conse- 
quently is not a simple one. 

It is the intermediate or auxiliary form, mentioned in 
§.81. This compound form can be resolved, or the simple 
ibrms, contained in it, can be extracted, as follows Produce 
^rat the lines C'S, and CS", to their intersection in OB ; 
C?S' and CS'" to their intersection in OB', and draw OBfl 
and OB'a : OSaC', C'aOB', &c. will be faces, OBGIOB'C' the 
base of the pyramid aOBCOB'C'j^, which is one of those 
sought for. On the other hand, produce the lines BS" and 
B'S'" to their intersection in C ; BS and B'S' to their intersec- 
tion in CC', and draw Ca aiyl C'a : BaC'» C'aB', &c. will 
be faces, BC'B'C the base of aBC'B'CjK, &c. which is the 
otlier ])yramid contained in the compound form. The 
transverse sections of this pair of derived pyramids arc 
dissimilar, or differ from each other, as well as from that of 
the fundamental form. * 

The former of these two pyramids has the same shart 
diagonal CC', the latter the same long diagonal BB', as the 
fundamental form. The latter is therefore said to apper- 
tain or to refer to the long diagonal, while the other is said 
to appertain or to refer to the short diagonal of the funda- 
mental form. 

The axis common to these pyramids, may be con- 
sidered as being = m. AX, a product of the axis AX of 
the fundamental form, and a certain number m, which is 
called the Nnmhcr of Derivation, This number must be 
positive, and greater than 1, either whole or fractionary. 
The values^ of this number most commonly, though not 
exclusively* occurring in nature, are 3, 4, and 5. The crys- 
tallographic signs of the pyramids thus obtained, are com- 
posed of the sign of that fundamental or derived member 
of the series (§. 00.), upon which they depend, which is in- 
cluded in a parenthesis, and of the number of derivation m, 
added to it in the form of an exponent. The signs and 
placed above the letter referring to the fundamental form, 
denote the diagonal to which the derived pyramids l)clong. 
The first indicates the ^ong, the second the short diagonal 
of the fundamental form. Thus, 
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(P + n)™ and (P + n)™ 

are the crystallographic signs for the derived pair of pyra- 
mids. 

The axis common to both these forms is s 2". m. a; 2". a 
being the axis of P 4* n, And a the axis of P. 

§. 93* tHB RATIO OF THE DIAGONALS OF THE 
BASES IS DEPENDENT ON m. 

If m be supposed equal, the bases of all (? + n)™, 
and, on the other hand, the bases of all (P + n)*”, 
are equal and similar to each other. 

It is evident from the preceding paragraph, that the 
figures of the bases, or their dimensions, are determined 
by the situation of the poipts S, S', S", S'", or, which is the 
same, by the length of the lines MS, ]MS', &c. Draw the 
line AA' which bisects BC', the lateral e*dge of the fun- 
damental form in II, and the lines HM and A'X, perpen- 
dicular to the axis, it will follow that 

A'X = 2. HM = V (b" + c2). 

From the similarity of the triangles HSM, and 2[AX, 
we obtain 

aX: XA' = aM: MS; or • 

(m + 1) a : (b® + c®) =; m. a : MS. 

Therefore 

MS = _?i_ V(b* + c»). 
m + 1 

From this expression it appears, that a given ratio 
of b and c in the base of P, the quantity of the axis a en- 
ters for nothing in the determination of the bases of the 
derived forms, and consequently, that the angles of these 
depend only upon the number m. 

If, according to this process, pyramids of dissimilar bases 
are derived from several scalene four-sided pyramids, ac- 
cording to a determined m; the bases of all these derived 
pyramids will be equal and sjjnilar to each other, in as 

vor.. I. F 
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far as they belong to one and the same diagonal ; because 
the axes of the fundamental pyramids have no influence 
upon the dimensions of the bases. It will be exactly the 
same, if the axes are in the ratio of the powers of the 
number 3, that is to say, if the fundamental pyramids are 
icembers of one series; as, for instance, P, F + 

P + 2, &c. 

§. 94 . KATIO OF THE DEHIVED AND THE FUNDA- 
MENTAL FOEM. 


If in the pyramid P, ratio of the axis, the 
longer, and tlie shorter diagonal is expressed by 
a : b : c, 

or in P + n, by 

2". a : b : c ; 

the ratio of the analogous hnes in the same succes- 
sion will be, 

for (P) “ = m. a : b : m. c, or 

for (P-f- n)™ = 2“.m, a : b : m. c; 

for (P)™ = m. a ; m. b : c, or 

for(P-|-n)"'=:2“.m. a :ra.b : c. 

Since, Fig. 40., in the ratio of 

aM : M15 : MC' 


aM and MC' are known quantities, being expressed Iiy a, 
c and m (for aM is = m. a, or = 2". m. a, and MC' = c) ; 
the only t£ing still to be effected, is to express Mj5 in the 
same manner, or only by b and m. 

Draw the line SN parallel to IBM ; the triangles SC'N, 
IBC'B', will be similar to each other, and 
C'N: SN zsC'B'x-BB', 

= C'B' : MIB + MB'. 

But 

C'N = C'B' — NB' =. C'B'— MS 
= V(6* + c») EL V(b*+c*) 

m + 1 
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= — 1- V(b» +c»); and 

m+ 1 

SN =: MB' = b. 

Therelbre 

— L. V (b» + c'') : b = V (b' + c*) : (m + 1) b ; 
mH- I 

and 

(ni + 1) b = MB + MB' == MB + b, 

from wliich follows 

MB = m. b. 

For (P 4- n) therefore, will follow that 
21M : MB : MC' = 2". ki. a : m. b ; c, from which, by 
the mere permutation of the diagonals, the ratio 't>f the 
analogous lines of (P + n)"' is found to be 
= 2". m. a : b : m. c. 

Since 

AM : BM 4 aM : BM ; 

AM : CM = aM ; Hi'M ;• 

the triangle AMB is similar to aMB, and AMC to aiMC'i 
and aB parallel to AB, aC' parallel to AC'. If therefore 
from any member of the series §. 90., according to whatever 
m, a pyramid of dissimilar base with the fundamental form 
be derived ; the terminal edges contiguous to similarly situ- 
ated, although unequal diagonals, b and m. b or c and m. c. 
of the two pyramids, will always be parallel to each other. 

The number m maybe so great, that m.c becomes great- 
er than b. Nevertheless m.c remains the line corres- 
ponding to the diagonal c, which is here supposed to be the 
short one. The correspondence between two diagonals 
must not therefore be judged of according €o their absolute 
length, but according to their situation. This will require 
some attention, in order to avoid being confounded by the 
apparently difierent position of such pyramids. 

If the ratios obtained just now between the axis and the 
diagonals of (P + n)™, and (t? + n)*“ be substituted in the 
general formulae for the edges of the scalene four-sided 
pyramid (§. 51.) ; the result will be other formulae, similar 
to those in g. 90., and asgenend*; and they will refer to sea- 
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lene four-sided pyramids, derived according to the above 
mentioned process. 

§. 95. SERIES OF DERIVED PYRAMIDS OF A DIS- 
SIMILAR .TRANSVERSE SE*CTION, WITH THAT OF P. 
OTHER METHOD OF DERIVING PYRAMIDS OF THE 
SAME KIND. 

The pairs of scalene four-sided pyramids, deriv- 
ed after one and the same m, from the members of 
the series §. 90. form t®e?o**series, which proceed ac- 
cording to the law of the series §. 90., and are 
similarly limited. 

The same method which from P produces (P)"* and (P)’", 
if applied to P 4* n, yields (P + n)'“ and (P + n)"'. 
The axis of (?)*" is therefore to that of (P + n)™ in the ra- 
tio of the axis of P to the axis of P + n, or in that of 1 : 2”. 
Hence 2 is the fundamental number, 2'* the law of pro- 
gression of the series. 

If the positive and negative value of n becomes infinite, 
(P + n)”^ and (P 4- n)™* are changed into (P 4 
(P — 3o)"> and (P 4- oo)’”, (P — oc)'". According to §. Rl. 
these forms are oblique-angular four-sided prisms, whose 
transverse sections are equal and similar to the bases of 
(P 4 n)*" and (P 4 n)"*. Their plane angles are obtained by 
the algebraic expressions in the preceding paragraph, if n is 
supposed ^ 00 . The signs (P — co)m and (P — co)*« re- 
fer to the face perpendicular to the axis, already expressed ; 
which face, however, more generally is designated by 
P — 09, the sign obtained in §. 91. The complete designa- 
tion^ of the two series between their limits, is therefore 
P — 00 ... (P 4 n)™ ... (P 4 w)™ ; 

P — . 00 ... (P 4 n)™ ... (P 4 00 )«*. 

There exists, however, still another method of deriving 
pyramids of dissimilar bases from the fundamental form ; 
and although this method does not produce any new forms, 
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yet it is very well calculated to shew the agreement be- 
tween the forms derivable from the scalene, and those de- 
rivable from the isosceles four-sided pyramid. This me- 
thod also tends to preserve the sameness of the value pf ni 
in both, at least in respect to those numbers of derivation, 
which are most commonly met with in nature. 

This»method of derivation consists in applying the process 
§. 92., not to the pyramid P itself, but to the interme- 
diate form which belongs to that pyramid. It is exactly 
the same as that by which the scalene four-sided pyramids 
of dissimilar bases are obtained from the fundamental py- 
ramids themselves, and therefore rei^uires no particular 
description. 

The first result is a compound form, as obtained above, 
which, by a further resolution, yields a pair of scalene 
four-sided pyramids, one of which refers to the long, the 
other to the short diagonal of the fundamental form $ al- 
tliough in the derivation, none of these diagonals remain 
unchanged. The correspondence of these pyramids to the 
diagonals of the fundamental form, is determined as in 92. 
Their crystallographic designation, in as far as they are 
obtained by the application of the last mentioned process, 
is (Pr 4- n)"» and (Pr + n)™. 

'IMie ratio of the diagonals of the bases is entirely de- 
pendent upon m. For, considering one and the same m, 
all the bases of (Pr + n) " on one side, and all the bases of 
(Pr + n)™ on the other, are equal and similar to each other, 
as may easily be deduced from §. 99. The two lines IMS, 
Fig. 99., are in the same ratio as the diagonals c and b. 
From the consideration of the figure it apjifrars, that 


MS =- 

2 m 


m + 1 * *'* 

MS" = _ 

2n» K 

m -h 1 


The co-efficients of the three perpendicular lines in this 
derivation are dilFerent from those obtained in §. 94. If the 
axis, the longer, and the shorter diagonal of P + n be in the 
ratio of 
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’ 2“. a : b : c, 

the ratio of the analogous lines in the same succession 
will be 

for (t>r 4- n)™ = 2". a : b : c ; 

2 t m — 1 

*’ for (Pr + nV® == ^ 2“. a b : c. 

2 xn — I 

Let S'lB'S, Fig. 39., be half of the base of the derived 
pyramid (Pr + n)“ ; in the ratio of the three lines 
aM : MB' 2 MS 

aM and MS are already known, that is to say, expressed 
by a, e, and m ; and the only expression still wanting, is 
that of MB' by means of a function of m and b. 

The triangle CIS is similar to the triangle MB'S; 
therefore 


C'S : CT = MS : MB'. 
But we have 


C'S = MS — 

Therefore 

MC' — ® « 

^ m — . 1 

i'. — 1 Cl 

m + 1 

m + 1 

m — 1 

^ . 2 m 

2 m , 

f * 

m + 1 

m + 1 

III— 1 

and 

M1B'= .b. 

m — 1 



Since this is the required expression, it follows that 


Ma : MB' 2 MS = 2" m. a : 


2 m 


.b 


2 m 


c; 


m — 1 in+1 

or if the co-efficient of that diagonal to wiiich the pyramid 
belongs, is supposed =s 1 , the sam*^ ratio will be expressed 
by 

m+i _ m + i- 

c. 


2"a:*li+i.b 


2 m— 1 

By exchanging the diagonals b and c,. the ratio of the 
three lines of (Pr + n)«» will be obtained 

= •5+2. 2-a: b :5L±2 .c. 

2 m— -1 

The co-efficients of the axis and the two diagonals, as de« 
veloped here, if substituted in the expressions for the co- 
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sines of tlie edges of a scalene four-sided pyramid (§. 63.), 
will produce similar expressions for the edges of the de* 
rived pyramids, in as far as the process of derivation has 
been applied to the intermediate form. 

The pairs of scalene four-sided pyramids thus produced, 
according to an equal m, \eom all the intermediate forms, 
which belong to the members of the series §. 90., will, them- 
selves likewise form two series, which proceed according 
to the general law of the former, and are limited by planes 
perpendicular and parallel to the axis. The complete de- 
signation of the two series between their limits, is 
V — 00 ... (Pr 4- n)™ ... (Pr + oo )« ; 

P — 00 ... (Pr -Kn)™ ... (Pr + «)“• 


It has already been stated, that by these two diiferent 
modes of derivation, we obtain exactly the same forms. 
This may be demonstrated, J)y proving how one form, whose 
derivation from P is expressed by the sign (P + n)">, may 
likewise be derived from the intermediafe form Pr + n^, 
under the sign (Pr + or that (P + n)™ may be 

(Pr + 

The ratio of the axis and the diagonals, that is to say, of 
the three lines perpendicular to each other, is in 
(P + n)*« = m. 2^ a ; m. b : c ; in 


(Pr + u')'"' = 


m'H- 1 


a : 


^ti.b 

m'— .1 


If we suppose the co-cfHcients of b in the two pyramids 

to be eiiual, we obtain m' = , which being sub- 

m — 1 

stituted in the ratios for (Pr + n')">' gives^ 

= — . 2"'. a : m. b : c. 

m — 1 

The equality of the three lines supposes therefore also 
« 2»' to be = m.2«; and consequently 2«'s=: (m— 1) 2". 

m— .1 

Any scalene four-sided pyramid, which belongs to P -|- n, 
under the sign of (P + n)«, may therefore likewise be con. 
sidered at deriving from th$ uttermediate form of P + n, 
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m -f- 1 

viz. from Pr + n under the sign (m — 1) (Pr + n) *« — *. 
It depends here upon the value of m, whether the deriva- 
tion proceeds from an intermediate form belonging to the 
principal scries, or to a subordinate one (§. 9(i.). 

liCt m be = 2, and the secondary pyramid therefore 
= fP + n)-* ; we have 

4- » 

(m — 1) (Pr + n)»n — 1 = (Pr + n)® ; 
the ratio of the perpendicular lines = 2. 2'» . a : 2. b : c,' 
exactly as in (P + n) -®. Let m be = , it will follow, that 

m ’ 1 

(m — 1) (Pr 4“ n) ^ ^ (Pr + n)^ = (pr + n — 1)*, 

and the ratio of the lines given above = 3 . 2“ — a : b 
: c = g. 2". a : b : c, as in (P 4* n)^. 

In both these examples, Pr 4- n belongs to the principal 

in 4- I 

series. But suppose m ='4 ; (m — 1) (Pr 4- n) *» — » 

will be rs 3 (Pr 4- n)-^ and the ratio of the three lines will be 
=s J. 2'\ a : 4. b : c, of which the first member still must 
be multiplied by 3 to make it equal to that of (P 4- n)*, as 
the crystallographic sign requires. Here Pr 4* n belongs 
to that subordinate series, whose co-etheient is the num- 
ber 3. 

In the two first of these examples, it appears that one 
pyramid may be transformed into another, Avhose number 
of derivation is greater ; in order to obtain forms in every 
respect more analogous to the rest of those contained within 
the compass of forms derived from the scalene four-sided 
pyramid, last example shews how a pyramid de- 

rived from a member of a subordinate series, may be trans- 
formed into another which belongs to a member of the 
principal one. These two kinds of permutation sufficiently 
account for the utility in the employment of the double 
mode of deriving and of designating forms, which, for their 
absolute dimensions, might be considered as being identical. 

The values of m most commonly found in nature are 3, 
4 and 5, particularly the first of them ; and there is scarcely 
a species to be found presenting forms in connexion with 
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the scalene four-sided pyramid, which does not afford ex- 
amples of their occurrence. Prismatic and prismatoidal 
Hal-baryte, prismatic Topaz, prismatic Chrysolite, may be 
<pio ted as examples. Besides these, (P + n)® and (P + n)** 
occur in prismatic Hal-ljaryte, (Pr + n)^ in prismatoidal 

A 

Antimony-glance, (P *f n)^ in prismatoidal Manganese- 
ore. 


§. 96. SUBORDINATE SERIES. 

There exist several series of forms, homogeneous 
and of similar bases with Cliat of §. 90. and belonging 
to it, in reference to which the latter is termed the 
Principal or Fundamental Scries^ while the others 
are said to be Subordinate* 

A Subordinate Series is a succession of homogeneous 
forms, whose bases are equal and similar to those of the 
members of the principal series, but possessing axes, 
which, on account of their relative magnitude, are ex- 
cluded from the principal scries : these members, however, 
may form another series among themselves, which follows 
the law of progression of the principal one. 

The members of the subordinate series may be derived 
from those of the principal series, either directly, or by the 
interposition of certain other forms, which are produced 
from that series. In the present case, the first of these 
methods being more simple, will find its application. 

Let AX, Pig. 3B., be the axis, |he base of the 

fundamental form, and the points A', A", &c., X', X", &c., 
be determined, as has been shewn in the preceding deriva- 
tions. 

Through those points lay the two rhombs PGIH and 
F'G'PH', similar and parallel to the base C'B'CB : produce 
the axis, so as to have = m. AX; draw the lines 
Pa, G91, &c. F'y, G'f , &c. and lay planes into these in 
such situations that they include a space by themselves. 
Tliis space will have the form of a scalene four-sided pyra. 
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mid, the base of which is similar to that of F. The same 
result is obtained by applying at once the third method of 
derivation (§. 82.) to the intermediate form in §. 92. This 
xvould require to lay planes on the edges formed by the 
intersection of the faces of (P -l^n)*" with those of (P + n)*«, 
the inclination of these planes being such, as to make their 
T'onlmon intersection a rhomb, similar and parallel to the 
base of the fundamental form. 

It is now wanted to determine the ratio of the axis of 
the derived pyramid to that of F, the horizontal projections 
of the two pyramids being supposed equal. 

For this purpose draw the Jines : AA', bisecting the edge 
BC' in K ; IMK in the plane of the base, and XA' in the 
plane of the lower rhomb, parallel to MK. From the si- 
milarity of the triangles AMK, AX A' follows 
XA' = 2. MK. 

Draw now the line A'3l, and another KE' parallel to it ; 
and M21' will be half the axis of the derived pyramid, its 
horizontal projection being reduced to BCB'C'. But from 
the similarity of the triangles 21A'X and SL'KINI follows 
XA' : MK = Xa : Ma' 

or, since 

aX = aM + MX = + 1) a : 

2 : 1 = (m 4* 1) a : a 

2 

and consequently, 

a'M = *!L±i. a. 

2 

The number is termed the co-efficient of the sub- 

!• 2 

ordinate series, and prefixed in the crystallographic sign of 
one of its members, to the sign of the member of the 
principal series, from which the derivation started, so that 

.1 P + n is the designation of an indeterminate mem- 
ber of the subordinate series. 

If m + 1 becomes a power of the number 2, the deriva- 
tion yields a member of the principal series itself ; and if 



91 


§. 97 . OF THK CONNKXlOU OF FOUJIS. 

!!LlLi is a power of the number 2 greater than 1, n is in> 
2 ' 

creased for the exponent of this power. Any other m pro- 
duces one member of a subordinate series from every Hiein- 

ber of the principal one. •In this case is divided by 

that pm^er of the number 2, which, in the series of these 
powers, differs least from the mentioned number ; n is in- 
creased for the exponent of that power, or diminished if 
that power be negative, and the quotient thus obtained is 
now considered as the co-efficient of the member of the 
subordinate series. 

The expressions for the cosine of the edges referring to 
those members of the subordinate series, are developed, as 
has been pointed out before in several similar occasions. 

The limits of the subordinate series evidently coincide 
with those of the principal Series. 

From the value of m = 3, == 4 and == 5«, the co-efficients 
of the subordinate scries are found == J and =: |. These 
and their inverse § and f have already been found in . na- 
ture ; J, for instance, in prismatic Hal-baryte, J Pris- 
matic Lime-haloide, J and | in prismatic Sulphur. 

§. 97 . HOniZONTAI. PKISMS. 

To every scalene four-sided pyramid, derived 
from P, as well as to P itself, belong two Horizon- 
tal Prisms, one of which refers to the long, the 
other to the short diagonal of the base|Of the fun- 
damental form. 

In any scalene four-sided pyramid, we may suppose one 
of the diagonals of the base to be increased continually, 
while the other remains unchanged. The value of the ter- 
minal edges changes with the increase of the dii^onaL The 
edge which is contiguous to the unchanged diagonal ap- 
proaches to 180°. That conti^ous to the increasing one 
approaches to equality with the angle of the principal 
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section through the axis and the unchanged diagonal, and 
these limits are attained when the increasing diagonal be- 
comes infinite. The pyramid is thus transformed into a 
prism, the axis of which is the infinite diagonal : its situa- 
tion is horizontal, and on tb/s account the whole form is 
termed a Horizontal Prism, Since each of the diagonals 
may thus be supposed to increase till it becomes infinite, 
there will be two horizontal prisms belonging to every sca- 
lene four-sided pyramid, and each of these prisms is refer- 
red to that diagonal, which remains unchanged, while the 
other increases to infinity. 

This mode of considering the matter will suffice for 
giving a general idea of horizontal prisms. But it has no 
connexion with the relations of forms developed in the 
preceding paragraphs, where there exists nowhere an ab- 
solute increment of a diagonal, this being always a conse- 
quence of a simultaneous increment of the axis (§. 93. 95.). 
In the principal series, whose members also possess their 
appropriate horizontal prisms, the diagonals do not change 
at all, while the axes may be increased to infinity. 

There arc, however, two methods of obtaining horizon- 
tal prisms, in connexion with other forms : either the inter- 
mediate form (§. 90.) is resolved by enlarging its homolo- 
gous faces, or tangent planes are laid, not on ail, but only 
on the homologous, terminal edges of the given scalene 
four-sided pyramid. The result is the same in both pro- 
cesses. 

The designation of horizontal prisms is in general 
Pr -H n ; it is Pr + n, if they belong to the longer, it is 
■Pr + n, if Jtiey belong to the shorter diagonal of P. If 
the faces of f r + n and those of Pr + n appear in combina- 
tion with each other, and produce the intermediate form, 
their relative breadth is in the ratio of those diagonals 
to which their axes are parallel. This intermediate form, 
ill as far as it is a compound form, receives the com- 
pound sign Pr + n. Pr + n; but in as far as it is em- 
ployed in the derivation of other forms, as in §. 95., the 
sign Pr + 11 is applied to it, because the reference to 
the diagonals is only taken into consideration afterwards. 
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§. 98. SERIES OF HORIZONTAL PRISMS, AND THEIR 
LIMITS. INCLINATION OF THE AXIS. 

Every series of scalene four-sided pyramids has 
two concomitant serics*of horizontal prisms. The 
limits of • these series are planes, which are perpen- 
dicular to those diagonals to which they belong, 
•if n becomes infinite, and perpendicular to the 
axis of the fundamental form, if — - n becomes in- 
finite. 

The designation of an indeterminate member in each of 

these series is Pr + n and Pr 4- n, which, if 
2 2 

m = 1, signifies a member of the principal series. From 
every other value of m, provided m + 1 be not a powertof 
the number 2, a member of a subordinate series is obtain- 
ed. If m 4 1 be a power of the number 2 greater than 1, 
yet the co-efficient nevertheless will remain = 1, as in 
every other member of the principal series ; but the n in 
its crystallographic sign is augmented for the exponent of 
that power, just as has been mentioned above, in respect 
to members of subordinate series. 

There is no particular designation required for such hori- 
zontal prisms as belong to pyramids of dissimilar bases, 
§. 1)2. and §. 95., because their principal sections coincide 
with those of the pyramids, already expressed by the above 
mentioned signs. This may be proved, fay some of them, 
by considering in general the ratio between the axis and the 
two dis^onals of pyramids, derived according to an undeter- 
mined m ; and for others, by taking the detennined value 
of m, as obtained from observation. 

A horizontal prism is determined by the cosine of that 
terminal edge, which is contiguous or parallel to the infinite 
diagonal^ or by that angle of the principal section of the 
pyramid, which lies in the terminal point of the axis. 

The values of these cosines are obtained, if in the gene- 
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ral expressions of these quantities for » P 4- n, one 

of the diagonals after the other is supposed infinite. In the 
horizontal prisms belonging to P, the values of the cosines 
are as follows : < 

for Pr, cos. y == ^ -T . j., ; 

a - 4- b - 

for Pr, cos. x = 

a 4- c 

As to the limits of the horizontal prisms, it is evident, 
that in the same proportion in which the axis of the pyra- 
mid — P 4- n increases, the angle of the horizontal 

prism at the axis must diminish ; and that it must entirely 
disappear, when the axis becomes infinite. The supple- 
ment of this evanescent angle is = 1C0°, and the hori- 
zontal prism therefore is transformed in two unlimited pa- 
rallel planes,'' perpendicular to those diagonals to which they 
belong. If on the other side the axis decreases, the same 
angle becomes greater and greater, and at last = 180% if 
the axis is infinitely small. The supplement of this angle 
is = 0 ; the faces of the horizontal prism contiguous to the 
op]}Ositc ends of the axis, coincide with the plane of the 
basis ; and they appear as faces perpendicular to the axis. 

This is the result of Pr 4 - od and ^ Pr 4- 00 , 

and of Pr — co and Pr — 00 . 

2 2 

The series of horizontal prisms between their limits, arc 
expressed iJy 

P — . 00 ... Pr 4- n ... Pr -h n, 

2 

P — CO ... Pr + n ... Pr + oo. 

2 

The face perpendicular to the axis has received its sign 
as the limit of the principal series ; and iif the limits for 
n = 4- 00 , it is unnecessary to attend to the co-efficients of 
the dilfcrent series. * 



§. 98, OI’ THE CONlfEXIOX OF Foiurs. OS’ 

The method of derivation, applied to the scalene four- 
sided pyramid, is so general, that it will remain unaltered, 
and yield similar forms and relations, even though the axis 
of the fundamental form should be inclined at an angle to 
the plane of the base. 

This Inclination of the Axis may take place, either in ilie 
plane df only one of the diagonals of the rhombic base, 
as in Fig. 41., or in the planes of both diagonals, as in 
Fig. 42. In the first two principal sections, ACA'C' and 
BCB'C' are rhombs, and one ABA'B' is a rhomboid ; 
in the second, only BCB'C' is a ‘rhomb ; and both the 
others, ACA'C' and ABA^' are rhomboids. A third case 
is still possible, where all the three principal sections would 
yield rhomboidal figures, upon which supposition, how- 
ever, the diagonals CC' and BB' themselves intersect each 
other at oblique angles in the point M. From the want 
of sulliciently accurate observations, it is at present impq^- 
sible to decide which of the two last cases, or whether 
perhaps both of them take place in nature, while the 
fact of an inclination of the axis in the plane of one of 
the diagonaLs has already been established by numerous ob- 
servations. According to the principles laid down in §. 87- 
as respects the determination of fundamental forms, it will 
be impossible to limit the number of these to four, because 
forms whose axis is inclined, cannot be derived from others 
whose axis is perpendicular to the base by any of the given 
processes of derivation. Without entering here into the 
full developement of the theory of these forms, and without 
drawing all the necessary consequences fro|n this import- 
ant fact, it may be useful to mention some of the alge- 
braic formulae, dependent upon the inclination of the axis 
in the plane of one of the diagonals. 

Let a : b : c : d denote the ratio between the four 
lines AP, BM, CM, and MP, in Fig. 41,, the following 
formulae will be obtained : 

cos. y = a«(b»— c») — C»(b + (1)» . 

a2(b> + c*) + c».(l) + d)“’ 
cos. y' = aMb^-c^)-c *(l.-d>^ . 

(b= + c'') + ci' (b— ,d)- ’ 
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CO.S.X=: 


a» (c^ — b*) — c» (b^ — d») 


cos.z = 


V^t(aa(b*+c*)+c«(b+d)»)(a=*(b2+c »)+c*(b— d)*)] ’ 
c« (b® — d«) — a« (b® + c2) 
Vl(a*(b*+c*)+c*(b+d)*)(a-*(b«+c‘'*) + c«(b— d^’ 
The angles of the principal sections are found by means 
of, the following formulae : 

+ d* — c» 


cos. CAC = 
cos. CBC' = 
cos. BAB' = 


a« + d« + c2 
b» — c« , 
b* + ca* 


.b« + d® 


V [(a“ 4- (b + d)®) (a® + (b — d)®)l 
In most cases, it will be convenient to have the angles 
BAP and B'AP separately, as given by the formulae : 
tang BAP =.*’ ■*■ ** - 


tang B'AP 


a 

b — d 


For finding the Angle of Inclination^ or that at which the 
axis AA^ is inclined to the line AP, perpendicular upon 
the base, we have 

tang MAP =s 

a 

The terminal edge of the horizontal prism belonging to 
the diagonal c, is expressed in the formula : 

a®— c» 
cos. y == ; 

a® + c® 

that lateral edge of P + oo which is contiguous to the dia* 
gonal b, the formula : 

a® b® — c® (a® 4- d®) 
cos. y = i r. 

a® b® + c® (a® +d®) 

In such forms as Fig. 42., where the axis is inclined in a 
plane which, if it intersects the base at right angles, passes 
through neither of its diagonals, the formuhe become more 
complicated by the introduction of a new variable quantity 
e =5 PR, yet the general processes of derivation are still 
applicable to the same extent in this apparently irregular 
figure, as they are to the scalene four-sided pyramid, whoso 
axes arc perpendicular to each other. 
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2. DE111VATI0K3 FROM THE ISOSCELES F01Tn.SinED 
TTRAMID. 

§. 99 . DERIVATION »F HOMOGENEOUS FORMS. 

From every isosceles four-sided pyramid another 
form of the same kind may be derived, wliich is 
more obtuse, and in a diagonal position to the fun- 
damental one. 

The derivation is effectel by laying tangent planes on 
the terminal edges AB, AC, &c. of the given pyramid 
ABCB'C^X, Fig. 45., and enlarging them till they wholly 
include the space AFGF'G'X (§. 80.). The result of this 
operation is at once the derived form itself, because the 
terminal edges of the fundamental pyramid are ec^ual 1» 
each other. * 

In this case, also, the process may be inverted. Draw for 
this purpose the perpendicular lines from the apices to the 
lateral edges upon each of the faces of the given isosceles 
four-sided pyramid, and by planes, laid through every two 
adjacent ones of these lines, detach those parts of the form 
which are situated towards their outside. The remaining 
form is the same isosceles four-sided pyramid, from which, 
after the process described above, the given more obtuse 
pyramid has been derived. 

The terminal edge of the given pyramid coincides with 
the perpendicular line, drawn upon the faoe|of the derived 
form, from the apices towards the lateral edges, as is evi- 
dent from the circumstance that these planes touch- the 
given pyramid in its edges. The base of the derived 
pyramid is the square circumscribed about the base of the 
fundamental form ; it is inscribed, if the method has been 
applied inversely. The two pyramids, and thus every 
two which are in the same relation, assume such a posi- 
tion towards each other, that the diagonals of the base of 
the more acute pyramid are parallel to the sides of the base 

VOL. I. r. 
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of the more obtuse one, and vice versa. This is termed 
the Amgonal position. If from the more obtuse pyramid ano- 
ther still more obtuse is derived, and from the more acute one 
another^ still more acute ; these new pyramids are diagonal- 
ly situated to that one from which they are derived ; biit to 
( th^ fundamental form they are in such positions as to have 
their sides and diagonals parallel to the analogbus lines of 
the other, and this is termed parallel position. 

§. 100. BATIO BETWEEN THE DEBITED AND THE 
FUNDAMENTAL FOBM. 

The aids of an isosceles four-sided pyramid, 
whose faces touch the edges of another, is to tlic 
axis of this latter pyramid, in the ratio of : 1 » 
^e axis of thift pyramid, whose edges are touched 
by the planes of another, is to the axis of the latter, 
in the ratio of : 1. In both cases, the sides of 
the horizontal projection are supposed equal. 

Let AM, Fig. 45., be half of the axis, BCB'C' the base 
of the fundamental form ; FAG will be a plane, laid on 
the terminal edge AB, GAF^ another, laid on the termi- 
nal edge AC', &c. i therefore FGF'G' will be the base, and 
FA, GA, &c. the terminal edges of the derived pyramid. 
The axis AM is common to both. 

The square FGF'G' « 2. BCB'C', 
hence FGfo. GF' = BC'.V2, 
and FG : BC' « MG : MB = V 2 : 1. 

Describej&om M with the distance MB, the arc BB"; it 
will follow^ that 

hj 2 

Draw the line B"A' parallel to GA $ MA' will be half of 
the axis of the derived pyramid, its horizontal projection 
being equal to BCB'C'. In the similar triangles AGM 
and A'B"M, is 
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therefore 


GM : MA B"M : MA', 
GM ; MA = : MA', 

MA' = ML. 


In order to find the ratio of the axis of the more acute 
pyramid, from which the more obtuse one may be derived, 
upon the supposition of their horizontal projections being 
equal, let FGF'G' be the base of the latter ; BCB'C' will 
be the base of the former, vf the axes of the two pyramids 
are supposed cquaL 
But we have BCB'C' = J FGF'G'. 

Therefive BC a 

and BC' : FG = MB : MG = -JL* : 1. 

2 . 

Produce the line MB, and with the distance MG, de- 
scribe from the point M the arc GG", MG" will be = MG 
= MB. V 2. 

Now produce the axis AM, and draw G"A" parallel to 
BA ; MA" will be half the axis of the more acute pyramid, 
its horizontal projection being equal to FGF'G'. In the 
similar triangles BAM, G"A"M, the following proportion 
takes place : 

BM : MA « G "M i MA", 


therefore 


BM : MA rr. MB. V 2 : MA", 
MA"«MA. 


§. 101 . SERIES OF ISOSCELES FOUR^SIBEO PtRAMIOS. 

Every derived pyramid may again be considered 
as a fundamental form, and the derivation maybe con^ 
tinned. This will produce a series of icosceles four- 
sided pyramids, whose axes increase and decrease 
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like the powers of the square root of 2 ; the hori- 
zontal projections of these forms being always sup- 
posed equal. 

As in §. 90. the fundamental pyramid is designated by 
‘P, tiie more obtuse members in their succession by P — 1, 
P — 2, P ^ 3, &c. the more acute members by P + 1, 
P + 2, P + 3, &c. This designation not only rests upon 
the same principles as that in §. 90., but is in fact exactly 
the same. Since it is necessary to know before hand 
whether P is an isosceles or a scalene four-sided pyramid, 
if the forms derived from it are to be taken into consider- 
ation ; this identity of the designation can neither in this 
nor in any other case, admit of, or give rise to, any ambigui- 
ty. Suppose the axis of P = a ; the series of pyramids, and 
that of their axes, will appear as follows : 

... P — 3, P — 2, P — 1, P, P + 1, P -f 2, P + 3 ... 


a a a 

2V2’ IP "V 2 

The ratio of the axes is 


i, /v/2. a, 2. a, 2/^/2. a... 


... ! -L : * ; 1 ; : 2 : 2 ^ 2 ... 

2^2 2 V2 

that is to say 

... V2-3 ; V2-I : ^2® : ^2' : ^2® : ^2^ ... 

The axis of an undetermined n^*» member, or of P + n, is 


= 2". a = 2^. a ; and this ^expression is the Lazo ofpro^ 

ffression of the series, whose fundamental number is 

V2 = 2i^. 

It is evident, that subsequent members of the series are 


in a diagonal position, alternating members in a parallel 
position ; and since the position of P may be taken for 
normal, all members of an even exponent will be in a 
parallel position, those of an odd exponent in a diagonal 
position. 


The algebraic expressions in §. 52. refer to the edges of 
P. Those of P + n are obtained by substituting 2", a® in 
the place of a®. 
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§. 102. LIMITS OF THE SERIES. 

The limits of the series §. 101. are, on one side 
a plane perpendicular to the axis, on the other two 
rectangular four-sided •prisms, one of which is in 
a par^lel, the other in a diagonal positioil with 
the fundamental form. 

The origin of these prisms is sufficiently evident from 
§.91. If the diagonals of the base of the pyramid be sup- 
posed [equal, a rectanguhg: four-sided prism is obtained, 
instead of an oblique-angular one. It appears likewise, from 
the calculations in §-101., that an isosceles four-sided pyra- 
mid of an infinite axis is transformed into a rectangular 
four-sided prism. 

The series of scalene four*sided pyramids is limited on one 
side by a plane perpendicular to the axis, on the other ffy 
a single prism, because there exists no difference in the 
position of its members. But there is a difference of that 
kind, in the series of isosceles four-sided pyramids, in \vhicH 
the position of two subsequent members changes from 
the parallel to the diagonal, and from the diagonal again to 
the parallel position ; and since the last member, or the 
limit of the series, may be considered in the one, as well 
as in the other of these positions, it becomes necessary to 
assume two rectangular four-sided prisms of infinite axes, 
as limits of this series, one for the parallel, the other for 
the diagonal position of two prisms limiting the series. 
This supposition is exactly conformable tef •ixperience. 

The limits on the opposite side are squares equal to the 
horizontal jirojection, because the isosceles four-sided py- 
ramid, if its axis becomes infinitely small, is transformed 
into a square plane figure. Here the difference of the 
position can no longer he considered, because this pyramid 
being nothing but a plane figure, cannot appear by itself in 
nature, and receives its boundaries from the intersection 
with the planes of other pyramids and prisms. 

The designation of the limits is, agreeably to what has 
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already been stated, P ^ oo and P 4* sc. Since in the latter 
case it is impossible to argue from the exponent upon the 
position of the form, it is necessary to express this ditference 
of the two four-sided prisms, by some other contrivance in the 
designation* The prism in the^arallel position receives the 
^ign as it has been employed above, the sign of that in the 
diagonal position is inclosed in crotchets, and the designa- 
tion of the series of isosceles four-sided pyramids between 
its limits is therefore as follows : 

p .... 00 — ^ I [P ^ j I • 

Five members of this serie^s have been observed in pyra- 
midal Garnet, four of them being consecutive, in the same 
species also the limits on both sides of the series. Four 
consecutive members are known in pyramidal Copper- 
pyrites, three in pyramidal Lead-baryte, pyramidal Tin- 
ore, pyramidal Titanium-ore. The limits of the series 
occur still more frequently, even in those species, which 
exhibit fewer members of finite dimensions. 

§. 103. DERIVATION OF SCALENE EIGIIT-SIDED 
PYRAMIDS. 

From every member of the series §. 101., seve- 
ral scalene eight-sided pyramids may be derived. 

This derivation is effected according to the second method 
(§. 81.), and it is applied after a preparation of the form, as 
described in §. 92. 

The faces of the isosceles four-sided pyramids being iso- 
sceles triangles, the figures BAC'A', C'AB'A", &c.. Fig. 40., 
will 1)6 rhombs, and tlie points A'\ &c., &c. will 

be situated in the angles of two squares, whose planes, like 
those of the rectangular figures, §. 92., are perpendicular to 
the axis in the terminal points A and X. These squares 
A'A"A"'A"" and X'X"X"OC'"' are equal and parallel to 
the square circumscribed about the base BCB'C^ 

Draw now from the points A\ A'',’ &c. towards the upper, 

from the points X', X", &c. towards the lower terminal 
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point of the produced axis, the straight lines 
&c., 'Kf%y &c. These lines, and accordingly their 

intersections S, &c. will be situated in planes, which are 
perpendicular to the faces of the isosceles four-sided pyra- 
mids; and the lines BS, C^S, &c. are therefore equal to 
each other. Thus likewise the triangles £2^S, &c. 

are eqaal and similar to each other, and the form obtained 
by the derivation is a simple one, namely, the scalene 
eight-sided pyramid a'BSC'S'B'S'"CS"]e. 

The designation of the scalene eight-sided pyramids is 
(P + n)™, in agreement with §. 92. It comprehends as it 
were at once the two pyraipids (P -f n)*« and (P 4- n)“ of the 
mentioned paragraph, which forms, in the present case, would 
be equal and similar. The axis of the scalene eight-sided 

n n 

pyramid is = 2-- m. a ; where 2^. a is the axis of P + n. 

The relative length of the axis of the eight-sided and the 
four-sided pyramids, is expressed by the number m, as^n 
§. 92. The only values of this number yet ascertained by 
observation relative to the pyramids, are 3, 4, and 6 ; and 
although it cannot be determined in general, yet it must 
always be rational, positive, and greater than 1+^2 
(§. 56. 5.). This supposition is necessary for making it possible 
to determine the position of scalene eight-sided pyramids 
among themselves, and towards isosceles four-sided pyra- 
mids. If m is equal to 1 + 2, the eight-sided pyramid 

is isosceles ; if it is less than 1 + V ^9 acute terminal 
edges are transformed into the obtuse ones, and vice versa. 
And since every scalene four-sided pyramid, derivable from 
P + 11 , according to a certain m less thanjl^+ V 2, can like- 
wise be derived according to another m greater than 1-f- 
from another more obtuse isosceles four-sided pyramid P + n' 
connected with P ; this supposition, by excluding the above 
mentioned values of m, produces at once simplicity and clear* 
ness in the consideration of these forms. By the supposition 
of m being greater than 1 + 2, it is also possible to avoid 

a double designation of the same kind as that mentioned in 
§. 95. These considerations, however, yield a formula 
for changing any pyramid (r*+ n)*", in which m is less 
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than 1 4- >/ 2 into another (P + n')'"^ in which m' is great- 
er than 1 + V It is 

m 4- l 

(P -f n')"'' = (m 1) (P + n ^ 1) 

Thus, for instance, 2 being loss than 1 + 2, the sign 

of a pyramid (P + 1)® may fie transformed into another 
* ^ ^ 

(2 — 1) (P + 1 — 1)2—1 -- (P)3, where the exponent 3 
is greater than 1 4- V 2- 

The position in which the scalene eight-sided pyramid is 
obtained from the isosceles four-sided pyramid, supposing 
m to be greater than 1 4- V 2, is the parallel position, that 
which differs from it for 45% the diagonal position. In the pa- 
rallel position, a plane through the axis and the acute termi- 
nal edge of the eight-sided pyramid, passes at the same time 
through the acute terminal edge of another eight-sided py- 
ramid, or through the perpendicular line from the apex, 
upon the face of an isosceles four-sided one, whilst in tlie 
diagonal position, the same plane passes through the obtuse 
terminal edge of the other eight-sided, or through the ter- 
minal edge of the four-sided pyramid. 

Pyramids expressed by the sign (P 4- are frequently 
met with in nature, as in jiyramidal Garnet, in pyramidal 
Zircon, &c. ; those dependent upon other values of m oc- 
cur more sparingly, as (P + n)"* in pyramidal Garnet, and 
(P + n)* in pyramidal Tin-ore. 

§. 104. THE BASES OF THE SCALENE FOUE-SIDED 
PYllAMIDS HEFEND UPON 

For one and the same m, the bases of all forms 
contained under the sign of (P -f- n)"’, are equal 
and similar to each other. 

The demonstration of this proposition follows from §. 93. 
The lines denoted in that paragraph by b and c, obtain 
here the determined value = 2 ; and hence we have 

s= 

m -f- I 



§. 105. 106. OK TUK COMNKXlOK OK KOIIJIS. 105* 

The magnitude of the plane angles of the base, and there^ 
fore of alt sections perpendicular to the principal axis of the 
scalene eight-sided pyramid, depend consequently solely 
upon m, and these bases are equal, whenever m is the same. 

§. 105. SERIES OF SCALENE EIGHT-SIDED PYRA- 
MIDS. 

Every member of the scries §. 101., gives for 
every determined m likewise a determined scalene 
eight-sided pyramid. The forms of this kind, de- 
rived from consecutive rliembers of the series, ac- 
cording to one and the same m, produce a parti- 
cular series among themselves, the axes of which 

n 

increase and decrease, as tlie powers of V or as 2^. 

These series arise like those in §. 1)5. The axes of thfir 
members are products of m, the number of derivation, 
with the axes of the members of the series of isosceles four- 

n 

sided pyramids, = 2^. m. a ; and since m. a is a factor 
common to them all, they will be among each other in 

the ratio of 2”. 

n 

If in the algebraic expressions §. 50., 2 -.a be substituted 
for a, the result will be expressions of the same kind for 
the cosines of the edges of (P-i- n) 

§. 106. LIMITS OF THE SERIES OF SCALENE EIGHT- 
SIDED PYRAMIDS. 

The limits of the series of scalene eight-sided py- 
ramids are, on one side a plane perpendicular to the 
axis, on the other uiiequiangular eight-sided prisms, 
whose transverse sections are equal and similar to 
those of the members of the series, and their axes 
infinite. The latter must he considered in two dif- 
ferent positions. 
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That these limits are prisms of the kind above mentioned, 
follows from §. 95. But, as has been shewn in §. 102. re- 
garding the rectangular four-sided prisms, the eight-sided 
prisms must, for the same reasons, be considered in 
either position, the parallel >s well as the diagonal one; 
and, therefore, two limits of infinitely long axes must be 
assumed for the series of scalene eight-sided p)>ramids, one 
in a parallel, the other in a diagonal position to the funda- 
mental form. The positions of these prisms are determined, 
like the positions of scalene eight-sided pyramids. 

If n becomes = oo, (P + n)"™ is transformed into (P + oo) % 
(P~n)- into (P — oo)“ ; -the latter, not being different 
from P — 00 , is denoted by that sign. In (P + oo) the 
position, which cannot follow from n = oo, must be indicat- 
ed by the designation, and this is effected as in four-sided 
prisms, by giving to the parallel prism the sign (P + 
to the diagonal prism the sign [(P -h oo)™]. The designa- 
tion of the whole series between its limits, is therefore : 


P~«...(P + n)™ .. 

The above-mentioned algebraic expressions give for 
n = -f 03, the cosines of the angles in the transverse sec- 
tions of the unequiangular eight-sided prisms. 

2 m 

cos. y = 


Thus, 


cos. X ; 


m* + 1 
m» — 1 


m** -f 1 

The following result is obtained, for the above-mention- 
ed determined values of m (§. 103.). 


PRISMS. 

COS. y. 

cos. X. 

y- 

X. 

(P + «)» 

-1 

— i 

126' 62' 12" 

143“ 7' 48" 

(P + co)* 


— TT 

118“ 4' 10" 

151° 55' 60" 

(P + es)» 

— fn 

— i8 

112’ 37' 12" 

157" 22' 48" 
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§. 107. OF THE COliJNEXION OF FOllMS. 

Examples of (F + es)* we have in pyramidal Garnet, in 
both positions; also in pyramidal Copper.pyrites, pyra- 
midal Tin-ore, &c. ; of (P + es)® in pyramidal Lead-baryte, 
and pyramidal Tin-ore. 

§. 107. SUBORDINATE SERIES. 

There are several Subordinate Series of isosceles 
four-sided pyramids, belon^ng to that in §. 103., 
which, in reference to these, is termed the Princi- 
pal Series. 

The derivation of the members of these subordinate se« 
ries is exactly the same as that employed for the scalene 
four-sided pyramids, §. 96.; only being here applied to 
members of the series of isosceles four-sided pyramids, the 
result will be the required subordinate series of isosceles 
pyramids. The co-efficient thus obtamed is likewise 

~ ; and the subordinate series themselves proceed 

according to the law of the principal one, and are bounded 
by the same limits* 

The same members of the subordinate series may also be 
obtained by laying tangent planes on the homologous termi- 
nal edges of the scalene eight-sided pyramids , &c. The latter 
process would be the same as that employed in §. 116., for 
the derivation of subordinate series of rhombohedrons from 
the principal one. The results of this and of the preceding 
process are identical. For if the tangenb plane be laid on 
the acute edges of the scalene eight-sided pyramid, the co- 
. m -h 1 

efficient obtained will be — ^ — ; if it be laid on its obtuse 

edges, the co-efficient will be . By substituting seve« 

ral values instead of m, for instance, tliose which are most 
commonly found in nature, we obtain members belonging to 
the same subordinate series. It is therefore sufficient to 
assume one of these terms as the general algebraic expres- 
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sion of the co-eflicient. If the co-ciBcients become powers 
of the number 2, the members belong to the principal 
series. The members of the subordinate series in particu- 
lar are designated by P -f n, agreeably to the rules 
2 

given in §. 96. 

The position of the members of the subordinate series in 
respect to those of the principal series, follows easily from 
their derivation ; and the expressions of the cosines of their, 

edges are found by substituting ”\r!r.3. a instead of a in 

2 

the formulae §. 56. 

The values of the co-efficients hitherto ascertained by 
observation are, and |. Members of the series 

+ n occur in pyramidal Zircon and pyramidal Cop- 
per-pyrites ; of the series | P + n in pyramidal Tin-ore ; 
of the series ^^^P + n in 'pyramidal Lead-baryte, pyra- 
midal Kouphpne-spar, of the series | P n in pyramidal 
Kouphone-spar and pyramidal Titanium-ore. It may be 
remarked here, that the two series, .j;^P + n and 
f P + 11 are obtained together with the principal series, 
ifi according to the first method of derivation, tangent 
planes are applied to the terminal edges of those eight- 
sided pyramids, which depend upon m = 3, m = 4, and 
m = 5. 


3. DKIIIVATIONS FIIOM THE BHOMBOllEDRON. 

§. 108 . DiilVATION OF HOMOGENEOUS FORMS. 

From every rhombohedron, another form of the 
same kind^ but more obtuse, may be derived. The 
derived rhombohedron is in a transverse position to- 
wards the fundamental form. 

The first method, §. 81., is applied here without any 
further preparation ; ancl it is evident that the form thus 
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obtained will be a rhombohedron, which is more obtuse 
than the given one. 

The inclined diagonals of this more obtuse rhombohcdron, 
assume the situation of the terminal edges of the other ; 
while the horizontal projections of both are parallel. One 
of these forms is said to be in a tramvcrsd^a^ition towards the 
other, because this position may be obtained, by turning 
a rhombohedron from its original position, round the prin- 
cipal axis, for an angle of CO® or 180°. If a rhombohedron is 
in the transverse position towards another, it may be brought 
into the parallel position, only by turning it again round 
the axis for the same quantity. 

In the parallel position, a plane through the axis, and 
the inclined diagonal, or the terminal edge of one rhom- 
bohedron, passes at the same time through the inclined dia- 
gonal or the terminal edge of the other ; in the transverse 
position, on the contrary, the plane through the axis anjji 
the inclined diagonal of the one at the same time passes 
tlirough the terminal edge of the other rhombohedron. 

In order to invert the process of deiivation given above, 
draw the inclined diagonals upon the faces of the rhombo- 
hedron, and take away, by planes passing through every two 
adjacent diagonals, those parts of the form which lie on 
their outside. The remainder is the more acute rhombo- 
hedron, from which the given one in its due position may be 
derived according to the first method of derivation, as em- 
ployed above. 

§. 109 > RATIO OF THE DERIVED RHOMBOHEDROXS. 

The axis of the rhombohedron, whose faces 
touch the terminal edges of another, is to the 
axis of this rhombohedron = ^ : 1 ; and the axis 
of the rhombohedron whose terminal edges are 
touched by the planes of another, is to the axis of 
this in the ratio of 2 : 1 ; the horizontal projections 
always being supposed equal.' 
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I^ct AX, Fig. 45., be the axis, and ACXB the principal 
section (§. 37.) of the given rhombohedron ; AC will be 
one of its terminal edges. 

According to the method of derivation applied, the ter- 
minal point of the incliiied«diagonal of the derived rhom- 
bohedron will be situated in the prolongation of the termi- 
nal edge AC of the fundamental form. But tliis point lies 
also in the prolongation of QS', a line perpendicular to the 
axis in Q, AQ being = § AX (§. 50. 11.). Therefore the 
terminal point B^ of the inclined diagonal of the derived 
rhombohedron coincides with the intersection of the two 
produced lines AC and QS', and AB' is this diagonal 
itself. 

If in the same way, the lines XB and PS are pro- 
duced till they intersect each other in C' ; XC' is the other 
inclined diagonal of the derived rhombohedron parallel to 
the former ; and the lines joining the point X with B', and 
A with C', represent the terminal edges, AB'XC' accord- 
ingly the principal section of the derived rhombohedron. 

The line AX, or the axis, is common to both principal 
sections ACXB, and AB^C^ ; but the side of the horizon- 
tal projection of the given rhombohedron is PC, while 
that of the derived rhombohedron is QB'. 

In the similar triangles APC, A(JB' we have 
PC : GIB' = AP : AQ= i AX : § AX = 1 : 2 (§. 60. 11.). 

Hence the side of the horizontal projection of the deriv- 
ed rhombohedron is double the same line of the given 
rhombohedron, their axes being equal ; and the inclined 
diagonal AB' = XC' of the derived rhombohedron, is 
double the*terminal edge AC = XB of the given rhombo- 
liedron. 

Draw now the line BA' parallel to C'A, and B"A' paral- 
lel to B'A ; BA'B'^X will be the principal section, and 
A'X the axis of the derived rhombohedron ; provided the 
two rhombohedrons have the same horizontal projection, 
whose side is = BQ. 

But in the similar triangles AC'X and A'BX the follow- 
ing proportion takes place : 
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AX : Arx = COC : BX = 2 : 1. 

Ilencc the axis of the derived rhomboliedron is equal to 
half the axis of the fundamental one, if the horizontal pro« 
jections are equal. 

In order to find the ratio between the axis of the more 
acute rhombohedron and that of the fundamental form, Jet 
ABCNIC* be the principal section of the latter, the side of 
the horizontal projection being CT. In this case ACXB 
will be the principal section of the derived rhombohedron, 
the side of its horizontal projection = BQ, and its axis equal 
to that of the fundamental rhombohedron. 

From the point C drajir the line C'B'" parallel to the 
axis, produce AB to and complete the rhomboid 
ABCX'B'^'. This is the principal section of the derived 
rhombohedron, the side of the horizontal projection being 
B"'Q' = CP. 

The similar triangles ACX and AB'X' give 
AX : AX^ = AC : AB' = I 2. 

The axis of the more acute rhombohedron is conse- 
quently double the axis of the fundamental form, their ho- 
rizontal projections being equal. 

§. 110 . SERIES OE RHOMBOHEDRONS. 

By continuing the derivation, a series of rhom- 
bohedrons is obtmned, whose axes increase and de- 
crease as the powers of the number 2 ; their hori- 
zontal projections being always supposed to be 
equal. 

This series corresponds exactly to the series of scalene 
four-sided pyramids (§. 90.), in respect to the ratio be- 
tween the axes of its members, in as much as it depends 
upon the same fundamental number. 

Designate the fundamental form by R ; R + n will be 
the general expression of an indeterminate member of tlie 
series. 

Fig. 44. will assist us in giving a clearer idea of tliis sc^* 



TEUMINOLOGY. 




§. 111 . 


ties. Let ACXB be the principal section of R. Produce 
the axis AX, and from the points B and C draw lines paral- 
lei to it ; every line drawn perpendicularly from these upon 
the axis, will be equal to the side of the horizontal projec- 
tion of R. 

The inclined diagonal of R becomes the terminal edge 
of R + 1. The inclined diagonal of R + 1 pa^es through 
the point S, the centre of the inclined diagonal XC of R. 
Hence draw the line AB' through S, and produce this line 
till it arrives at the parallel from C ; AB' will represent 
the inclined diagonal, BAB'X' the principal section, and 
AX' = 2. AX consequently/the axis of R + 1. 

The inclined diagonal of R 4- 1 becomes the terminal 
edge of R + 2. The inclined diagonal of R + 2 i)asses 
through S', &c. Draw the line AB" till it arrives at the 
parallel from B ; AB" will be the inclined diagonal of 
R + 2, AB'X"B" its principal section, and AX" = 2. AX' 
= 4. AX its axis. 

Thus, considering AB" as the terminal edge of R 4* 3, it 
will be found, that AB'" is its inclined diagonal, AB"X'"B"' 
the principal section, and AX'" = 2. AX" = 4. AX' = 
8. AX the axis of R 4- 3 ; and in this manner we may con- 
tinue the series, as long as we please. 

The axis of R being s= a, that of R 4- 3 is = 2 ^. 0 , that 
of R 4- n x= 2". a, that of R + n 4- 1 = 2" + ^a. These 
values substituted in the expressions g. 50., give the cosines 
of the terminal edges for any required member of the series 
of rhoinbohedrons. 


§. 111 . LIMITS OF THE SERIES OF RIIOMBOHEDHOHS. 

The limits of the series §. 110. are, on one side 
a plane perpendicular to the axis, on the other a 
regular six-sided prism of an infinite axis. The 
transverse section of that prism is equal and paral- 
lel to the transverse section of the fundamental 
form ; the figure of tlie plane perpendicular to the 
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axis is a regular hexagon, equal and similar to its 
horizontal projection. 

Ijay planes of intersection through the horizontal ilia* 
gonals of a rhbmbohedrdn, whose axis is longer than the 
side of its horizontal projection. These planes will detach 
those paHs of the rhumbohedron which are contiguous to 
the terminal edges of this form. The remainder, contigu* 
ous to the lateral edges, is contained under two equilateral 
triangles in the direction of the axis, and under six isosce- 
les triangles, being halves of the faces of the rhombohedrons. 
The equal sides of these triangles are the lateral edges of 
that form. This solid is the Central Pari of the rhombo- 
hedron- 

In the central part of a more acute rhombohedron, the 
angles at the bases of the Isosceles triangles are greater, but 
the angles at the vertex are less ; and the horizontal projea- 
tion always being constant, the sum of the iitst approaches to 
two right ones, the latter to nothing, the more the axis 
of the rhombohedron is elongated. The equal sides in this 
case approach nearer and nearer to the parallelism with 
each other and with the axis, and to the equality with 
one-third of it, which is contained in the central part of the 
rhombohedron. 

The limits to which these approxunations lead, cannot 
be obtained, while the axis remains a finite quantity. But 
when the axis becomes infinitely long, these limits are ob- 
tained ; the triangles are transformed into unlimited paral- 
lelograms, and contain a regular six-sided 4 >)rism, which is 
still unlimited in the direction of its axis. 

As to the transverse section of the prism, we may imi*- 
gine, that in the proportion in which the axis of the rhom- 
bohedron increases, its faces turn round certain immoveable 
lines, '.rhese lines are the sides of the transverse section of 
the rhombohedron ; and therefore they are likewise the 
sides of the transverse section of the prism. 

Let HORZ, Fig. 4C., be part of the horizontal projec- 
tion, and the vertical lines C/D, , See. through the points 

VOT.. I. Jl 
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II, O, R, the edges of that regular six-sided prism, in 
whose planes are situated the lateral edges CB, C'JV of two 
rhombohedrons. These lateral edges, intersecting each 
otlier at the points M, N, turn as it were round these, and 
consequently the faces of the rhombohedron turn round the 
I line MN, in a ratio, dejiendent upon the length of the axis. 
If the axis becomes infinitely long, the lateral edges of the 
rhombohedron assume the situation C"B" ; the rhombohe- 
dron is transformed into a regular six-sided prism, upon the 
laces of which are drawn the horizontal lines ]\IX, IVIL, 
&c. ; and these lines, the sides of the transverse section of 
the rhombohedron, are tluirefore likewise the sides of the 
transverse section of the prism, whose position is thus de- 
termined in respect to the rhombohedrons of the series, and 
to their horizontal projection. 

As to the opposite limit, it is evident, that if the axis 
becomes infinitely small, all the faces of the rhombohedron 
coincide in a single plane, and that this form is tliereforo 
changed into a regular hexagon, equal and similar to the 
horizontal projection of the fundamental form. 

The crystallographic signs of the limits are 11 -h cs and 
It — those of the scries between its limits, 

R — CO ... R 4- n ... R + oo. 

Many examples are found in nature, illustrative of this 
series. Thus, rhombohedral liimc-haloide jiresents five 
consecutive members, and both the limits ; in rliomhohc- 
dral Tourmaline and rhombohedral Ruby -blende, four con- 
secutive members and both limits have been observed ; 
two or three consecutive members occur in many species ; 
and in most of those, aifecting forms which are in connexion 
witli the rhombohedron, we likewise frequently meet with 
the limits on either side of the series. 

§. 112 . DERIVATION OF SCALENE SIX-SIDED PYRA- 
MIDS. 

From the members of the scries in the preced- 
ing paragraph, several scalene slx-sidcd pyramids 
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may be derived, tlie lateral edges of which agree 
in their situation with the lateral edges of the rhom- 
bohedron. 

We employ here the second method (§. ffl.), without any 
farther ^preparation. Produce the axis of the rhombolie- 
dron on both sides, to an indefinite but equal length ; or, 
what is the same thing, multiply the axis of the rhom- 
bohedron by the number of derivation m, which must be 
rational, positive, and greater than 1 ; draw from the angles 
of the rhombohedron, straight lines towards the terminal 
points of the axis produced, cind lay planes on every ad- 
jacent pair of these lines. The result will be a scalene six- 
sided jpyramid, whose lateral etlges coincide with those of 
the rhombohedron. 

Every determined prolongation of the axis of the rhom- 
hohedron, or every determined m, determines a scalefle 
six-sided pyramid. A rhombohedron, and all the scalene 
six-sided pyramids derived from it, which therefore agree 
in the situation of their lateral edges, and also the pyramids 
among each other, are said to be forms belonging together or 
co-ordinate. 

The position in which the scalene six-sided pyramid is 
placed by the derivation towards the rhombohedron, is 
termed the parallel position. The pyramid is in a transverse 
position towards rhombohedrons, which immediately pre- 
cede or follow that from which it is derived, because tlic 
rhonihohedrons themselves are in a transverse position to- 
Wiirds each other. In general the pyramids*partake of the 
position of the rhombohedron frum which they are derived, 
and pyramids belonging together are in a parallel position. 

In general, two scalene six-sided pyramids, or one pyra- 
mid and a rhombohedron, are said to be in a parallel position, 
when a plane through the obtuse terminal edge and the 
axis of the pyramid, intersects the face of the rhombohe- 
dron in its inclined diagonal, or in the other pyramid like- 
wise passes through Its obtuse t|^rminal edge, and in both 
forms at the same time also through the axis. The same 
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forms arc in a transverse position when this plane passes 
through the terminal edge of the rhombohedron, or through 
the acute terminal edge of the other pyramid. 

The crystallograpliic sign of a scalene six-sided pyramid 
derived from 1* + n according* to m is (P + n)‘" ; its axis 
•is = 2". m.a; where 2*'. a is the axis of 11 + ii, and a the 
axis of 11. 

The value of n:. is frequently found in nature to be = 2, 
= 3, or = 5, all of which occur in rhonibohedral liime-ha- 
loitfc. (P + n)^ is also found in rhombohedral Tourma- 
line, in rhombohedral Ruby-blende, (P 4- n)* in rhombo- 
hedral Iron-ore. Besides tlAse, we have m = 7 in rhoin- 
bohedral Lime-haloide, m = § in rhombohedral Fhior- 
haloide, rhombohedral Quartz, rhombohedral Tourmaline, 
m = 5 these species, m = and = ^ 

in rhombohedral Quartz. 


§. 113 . THE TRANSVEESE SECTIONS OF THE SCA- 
LENE SIX-SIDED I'TRAMIDS DEPEND ON m. 

For one and the same m, the transverse sections 
of all forms contained under the sign of (P -j- n)'" 
arc similar to each other, 

I.et ABXC, Fig. 47., represent the principal section of 
the rhombohedron from which the scalene six-sided pyra- 
mid has been derived ; A91, XJ the prolongations of the 
axis, and consequently SB, %C the obtuse terminal edges, 
21 C, 3^B the acute terminal edges of this pyramid, and 
21BJC its principal section. 

Draw from M, the centre of the axis, in the plane of the 
transverse section, the line MG parallel to QB. This line 
will be intersected in F by the obtuse terminal edge 21 B ; 
and F will therefore be that point in the transverse sec- 
tion, or MF that line situated in its plane, upon which de- 
pends the magnitude of the angle of the transverse section 
at the place of the obtuVie terminal edge of the pyrainicL 
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Draw now the line BG, parallel to the axis ; we have 
MG == QB = 1 ; and FG = 1 — MF. 

Ill the similar triangles FBG and F^M, we have . 

GB : GF = Ma : MF, 
or, 

A. : 1 — MF = : MF, 

6 2 

and consequently 

MF = -ll?—, 

3 m + 1 

from which it appears that the angles of the transverse 
section are dependent solely upon ni, and that consequent- 
ly they are the same in all pyramids derived according to 
the same ni, whatever may be the fundamental rhombohe- 
dron. 

If the section does not intersect the lateral edges of the 
pyramid, its figure is an tinequiangular, but equilateral 
hexagon. The angle at the obtuse edge is as above; but 
the angle at the acute edge is likewise dependent upon m. 
For let (M^F' be in the plane of the section ; the lines CP 
and Pl^"' will determine its figure. But CP is = 1 ; and 

PF = ?LlIlLrr_!:, as it follows from the similarity of the 
a ni + 1 

triangles QSIB and P91F'. Now 

CP : PF = 3 m + 1 : 3 m — 1, 
a ratio solely dependent upon m. Hence all scalene six- 
sided pyjramids, derived according to the same m, have 
their sections through the terminal edges similar to each 
other. 

§. 114 . SERIES OF SCALENE SIX-SIDED PYRAMIDS. 

From every member of the series §. 110., several 
scalene six-sided pyramids may be derived. The 
axes of those which are derived according to one 
and the same m, and consequently the pyramids 
themselves, produce a scries •whicli proceeds agree- 
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ably to the law of the scries of rhombohedrons 

(§. 110 .). 

The axes of the members of this series may be consider- 
ed as products of the axes of li, -f n by m, that is to say, 
,as being equal to 2 '\ m. a ; and since m and a are common 
factors to them all, the axes are to each other in the ratio 

of 2‘' (§. no.). 

If these values, namely 2". a instead of a, are substitut- 
ed ui the expressions §. 55., the cosines of the edges are 
obtained for any jiarticular member of the series. 

§. 116 . LIMITS OF THE SE&IES OF SCALENE SIX- 
SIDED PYllAMlDS. 

The limits of the scries of scalene six-sided pyra- 
mids are, on the one side unequiangular twelve-sided 
prisms of infinite axes, whose transverse sections 
are determined by m, and on the other side plane 
figures equal and similar to the horizontal projec- 
tion. 


The axis of a scalene six-sided pyramid, which belongs 
to a rhombohedron, whose axis is in a finite ratio to the 
side of its horizontal projection, can never become infinite, 
unless m itself should be infinite, a supposition, however, 
which is excluded from the relations to be taken here into 
considerationp in as much as such an m would give no 
series, or rather a series, all the members of which are 
equal to each other. Therefore the limits of the series of 
these pyramids must arise from rhombohedrons, wliose 
axes are themselves infinite, or from the regular six-sided 
prism (§. 1 1 1.). 

I^ay planes of intersection through the terminal points 
of the lateral edges of a scalene six-sided pyramid derived 
from a rhombohedron, whose axis is longer than the side of 
its liorizoiilal projection ; and thus detach the ajiices of 
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the pyramids, so that only the central part analogous to 
that in g. 111. remains, to which the lateral edges are ad- 
jacent. 

'Fliis part contains one-third of the axis of the rhom* 
hohedron, from whicli th(^ pyramid is derived. It is limit- 
ed jierpendicularly to the axis by equilateral hexagons, 
whose alternating angles are equal (§. lllh), and from tfie 
sides ])y twelve scalene triangles, whose bases are the sides 
of those hexagons, the longer sides being the entire lateral 
edges, and the shorter sides parts of the obtuse tcymiiial 
edges of the scalene six-sided pyramid. 

'i'he central part of a pjffamid derived according to the 
same m from a more acute rhombohedron, although con- 
tained under faces of the same kind, will yet differ from 
the preceding by the sum of the angles at the base of the 
triangles being greater, the angle at the vertex smaller, 
and the sides approaching nfearer to parallelism and equa- 
lity with each other, and to one-third of .the axis of tlie 
rliombohcdron. 

The limits to which the pyramids approach, when thus 
derived according to the same m, from more and more acute 
rhomhohedrons, are : the sum of the angles at the base of 
the triangles must he = UJO% the angle at the vertex =* 0 ; 
and the sides equal and parallel among themselves, and 
to one-third of the axis of the rhombohedron. These li- 
mits are obtained when the central part of the pyramid, 
containing one-third of the axis of the rhombohedron, 
from which the pyramid is derived, and therefore the axis 
of the rhombohedron itself becomes infinite, or w'hen the 
rhombohedron is changed into the regular six-sided prism. 
If therefore (P + n)’" is changed into a prism, the expres- 
sion of its axis 2”. in. a, will be clianged into 2"^ . m. a, because 
11 and not m is = oe. 

While the scalene triangles, the lateral faces of the cen- 
tral part, by the continual increase of the axis, are chang- 
ed into unlimited parallelograms, the central part itself 
is changed into a twelve-sided prism, unlimited in the direc- 
tioii of the axis. Through all tliese changes, however, m 
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remains unaltered ; and since the angles of the transverse 
section are solely dependent upon m, the unequiangular 
twelve-sided prism will have the same transverse section as 
any other member of that series, whose limit it represents. 

As to the opposite limit, it is evident, that if the height 
Df the central part, = J of the axis of the rhombohedron, 
disappears, the axis of this rhombohedron itself must also 
be = 0 ; and consequently that the rhombohedron must be 
a plane figure, equal and similar to the horizontal projec- 
tion. Now the axis of the pyramid sought is m.O = 0 ; 
and the pyramid therefore likewise a plane figure, equal 
and similar to the horizontal projection. 

The designation of the series between its limits is 
R 00 ... (P + n)™ ... (P -h CO )™. 

If an unequiangular twelve-sided prism, from its original 
position, is transferred into another different from it for 
60® or 180®, its faces and edges resume exactly the situa- 
tion they had before. Hence there is only one position 
existing for these forms : in which property it agrees with 
the regular six-sided prisms, the limit of the series of rhom- 
bohedrons, from which it derives its origin.* 

If in the algebraic expressions mentioned in the last 
paragraph, n is made = eo ; the angles are obtained for the 
transverse section of the unequiangular twelve-sided prism, 
being the limit of the respective series of the scalene six- 
sided pyramid. Thus we find 


/3 m® -f 6 in — 1 \ 
~ V“T(3 m» + I) / ’ 


•cos. z = 


pm^— .1\ 

\3m« + 1/ 


• Another regular six-sided prism, which in every respect, 
but the position, agrees with the former, will be considered 
in §.118. This form, however, is in no immediate connexion 
with the scalene six-sided pyramids ; and consequently no 
unequiangular twelve-sided prism can be considered in, or 
referred to, a position analogous to that regular six-sided 
one, although the angles of their transverse sections should 
seem to indicate a similar position. 
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The values of the cosines, and the angles of the trans* 
verse sections ofthe limits, relative to the above-mentioned 
series occurring in nature, are the following : 


PRISMS. 

cos. y. 

cqs. z. 

y- 

z. 

(P +’«)•“ 

— ii 

4 fi 
— gff 

1C2° 6' 12" 

137" 53' 48" 

(P + od)3 

— n 

1 1 

T? 

158^ 12' 48" 

Ul’ 47' 12" 

(P + «)» 

— iS 

SQ 

— 28 

152" 12' 15" 

147" 47' 45" 

(P+«)^ 

— ii 

2 A 

— 2S 

147° 47' 45" 

1.52" 12' 15" 

(P+ 


•1 8 
TS 

141° 47' 12" 

158" 12' 48" 

(P + eo)‘s‘ 

4 r, 

— ■ 85 

S !• 
85 

137 ° 53' 48" 

102 " 0' 12" 

(P+ «)» 


-U 

133" 10' 25" 

100" 40' 35" 

(P+ 00 )’ j 

-n\ 


120" 25' 48" 

170 " 34' 12" 


Few of these prisms have as yet beeji observed in na- 

5 

ture. Those which have been observed are (P -|- cc)^ and 
(P 4- od)» in rhonibohedral Fluor-haloide, (P + co)» in 
rhombohedral Lime-haloide and in rhombohedral Tour- 

.'i 

maline, (P + oo)- in rhombohedral Quartz, (P + 03)^111 
rhombohedral Corundum. The angles of other prisms have 
not been exactly ascertained. 

The angles of the first and sixth of the preceding prisms, 
those of the second and fifth, and those of the third and 
fourth, are inversely equal to each other. In general, 
the number of derivation which produces the one, may be 
found from that which produces the othei> hy the formula : 


3 (in' — 1) 

§. 110. SUBORDINATE SERIES. 

To the series of rhombohedrons, §. 110., belong 
several subordinate series, in reference to which 
the former is termed the principal series. 
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For the deriv''fttioii of these suhordinatc series, the first 
j)rtM*es3 is applied to the scalene six-sided pyramids. 

Let ABXC, Fi«T. 47 ., represent the principal scctionof a 
rliombohcdroii, SlBf C that of a scalene six-sided pyramid 
derived from it according to a certain m. 

If tangent planes are laid on the terminal edges 9[B, Ac. 
of this pyramid ; these edges become the inclintd diagonals 
of the resulting rhomlxihedron. Suppose its axis = a' ; that 
part of it which corresponds to the inclined diagonal 91B 
will be 


aQ=r. 2. a' = MOL + M(i = 


3 m + 1 


a' = J. -lilL+i. a = . a, 

« 4 

the side of the horizontal projection B(I, being = I. 

If on the other side tangept planes be laid on the acute 
terminal edges HC, &c. ; these terminal edges again will 
become the inoliiied diagonals of the derived rhombohe- 
dron. The axis of this rhombohedron being = ; that 

j)art of it which corresponds to the inclined diagonal SLC 
will b 


aP = 5 . a" = Ma 


BIP = 

6 


, 3 ni — 1 

a- a 

4 

for the same horizontal projection. 

Hence and H! .“TlI ixrc the co-cflicients, with 

4 4 

which a, tlie'rxis of U, or 2’’. a, the axis of R + n must be 
multiplied for obtaining incmbcrs of the subordinate series- 
When these co-ellicients become powers of the number 2, 
the rhombohedron produced is a member of the principal 
series ; when tliey are not powers of the number 2, mem- 
bers arc jiroduced belonging to a subordinate series, Avhich 
is determined by ni. 


Designate the subordinate series by 


3 m + 1 


The (quantity 


. 2\ a substituted for 2'\ a iii the 
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above mentioned algebraic expressions, gives the cosines of 
the edges for the members of the subordinate series. 

The position of the members of the subordinate series 
towards each other, and towards those of the princi])al se- 
ries, follows from their derivation. The limits are com- 
mon to the principal, and to all subordinate scries. 

§. 117. DERIVATION OF THE ISOSCELES SIX-SIDED 
PYRAMIDS. 

From every rhombohedron an isosceles six-sided 
pyramid may be derived^ whose axis is to the axis 
of the rhombohedron in the ratio of 2 : 3, the ho- 
rizontal projections of the two forms being sup- 
posed equal. 

The third method of derivation (§. a2.) is applicable k> 
the present case. 

liCt ABKC, Fig. 48., represent the principal section of 
the given rhombohedron, and suppose a horizontal plane 
to pass through IN I, the centre of its axis. In this plane 
is situated the base of the six-sided pyramid, which is to 
be derived. 

'J'lic terminal edge AC of the rhombohedron, being 
produced to Z, will be changed in AZ the terminal 
edge of the pyramid. In the same way XB is changed 
into XIT, so that, if we draw^ AH and XX, AZXII will 
l)c the i)riiicipal section of the derived isosceles six-sided 
])yrainid, its axis being equal to that of lh« rhombohedron, 
the side of its horizontal iirojeclion jMX == Mil. 

Draw the lines B(1 and C(l' perpendicularly to JIZ ; 
INICF will he = IMG = PC, equal to the side of the hori- 
zontal projection of the given rhombohedron ; and if now 
the lines GA', G'A', GX', G'X', be drawn parallel to the 
sides of the principal section of the pyramid, A'X' wdll re- 
j)resent the axis of this form for the side of its horizontal 
projection MCt' = PC, that is^lo say, equal to the horizon- 
tal i)rojcctioii of the given rhombohedron. 
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The two triangles APC, A'MG' are equal and similar to 
each other. Therefore A'M = AP ; which if the axis of 
the pyramid be called a', may be expressed thus : 

2 * 

and consequently 

a' = a. 

The above-mentioned constant co-efficient (§. 54. 4.) ac- 
cordingly is = 

§. IIS. SEBIES OF ISOSCELES SIX-SIDED PYRAMIDS. 

There is a series of iso^eles six-sided pyramids 
in connexion with the principal series of rhombo- 
hedrons, with which it proceeds after the same law, 
and is limited by inhnite six-sided prisms. 

The axes of the members producing this series, are equal 
to the axes of the rhombohedrons, multiplied by the ho- 
rizontal projections being always supposed equal ; so that, 
if P + n denotes an undetermined n**^ member of the se- 
ries, its axis will be = § 2 '\ a. In the expression for the 
axis of any mem])er, the common factor a is contained ; 
and by dividing with it, w'e find that the axes of the series 
increase and decrease like the powers of the number 2 ; 
and 2" consequently expresses also in this series the law of 
progression. 

The limits of this series are isosceles six-sided pyramids 
belonging to rhombohedrons, whose axes are on one side 
infinitely lopg, on the other infinitely short. It is evident 
that an isosceles six-sided pyramid of an infinitely long axis 
can be nothing else but a regular six-sided ])rism, whose 
transverse section is equal and similar to the horizontal 
projection of the pyramid ; and that an isosceles six-sided 
pyramid of an infinitely short axis can be nothing else but 
a plane figure perpendicular to the axis, and equal and si- 
milar to the same horizontal projection. 

T’he regular six-sided prism, which limits the series of 
isosceles six-sided pyramids, can be distinguislicd by its 
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position from the other regular six-sided prism, which li- 
mits the series of rhombohedrons. The faces of the two 
prisms differ in their situation for 30° and 150°: and the 
prisms therefore themselves are two different well defined 
forms, which must not bciconfounded with each other. 

If, in the algebraic expressions in §. 54., m is made 
and 22»/a* is substituted for a® ; the expressions produced 
refer to the cosines of the edges for P -f n. They are : 


cos. X 


= -(- 
V4. 


2»".a“ + 27 
2 =“.a» + 27 


)■ 




+ 27 >' 


The series of isosceles six-sided pyramids between its 
limits, receives the following designation : 

li — 00 ... P -I- n ... P + CO . 

Several members of this §eries, together with its limits, 
occur in rhombohedral Fluor-haloide, rhombohedral Quart*, 
rhombohedral Corundum, &c. There ^ist also series 
appertaining to rhombohedrons of certain subordinate se- 
ries, and which, on that account, receive a co-eflicient in 
their representative sign, like the rhombohedrons from 
which they are derived. Examples of the series J P + n, 
5 P + n, and 5 + n, have been found in rliombohedral 

Corundum ; of tlie two first also in rhombohedral Quartz, 
of the first in rhombohedral Iron-ore, &c. 


4. DERIVATIONS FROM TIIE HEXAHEDRON. 

§. 119 . DIFFERENT POSITIONS OF A MOVEABLE 
PLANE. 

A plane, moveable round the terminal point of 
a rhombohedral axis of the hexahedron, is liable 
to assume ^/bur different classes of positions. One 
of these is exactly determined, and admits of only 
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one case ; the others allow of a farther distinction in 
tico cases. 


Let ACBC'B^C'B'X, Fig. 36., represent a hexahetlron, 
which is broiiglit into an upright position by supposing one 
of its rhombohedral axes AX vertical. AC, AC', &c. are 
therefore the terminal edges, AB, &c. the inclined diagonals 
of this hexahedron, if considered as a rhombohedron of 90"'. 

Direct now the planes MNOO', PQRIF and TUVV' 
through the axis AX, so as to make them pass through 
the inclined diagonals AB, AB^, and through the terminal 
edges AC", AC' which are opposite to these edges. The 
planes will intersect each other at angles of 60° and 120°. 

The part MNSS' of the plane IMNOO' turned towards 
the observer, may be termed the Section of the Face, tlie 
part PftSS of the plane PQllR', similarly situated, the 
Section of the Edffc, in so hr as they refer to the upper aj)ex 
A ; because the former passes through the inclined diagonal 
AB, and bisects the face, while the latter passes through 
the terminal edge AC of the hexahedron, and bisects the 
angle at which the faces meet. 

The sections of the face divide every face of the hexa- 
hedron into two equal and similar triangles, as ABC, 
ABC', &c. and thus the solid angle A may be conceived to 
consist of six faces, which, for the sake of derivation, are 
considered moveable, and their situation is ascertained in 
respect to both the sections, to that of the face, and that 
of the edge. Whatever results are found for one of these 
faces, like\^i«se ap])lics to the other, because the hexahe- 
dron is a solid of several axes, and it will therefore be suf- 
ficient to consider the situation of one of these six faces, 
because the rest must assume an analogous position. This 
refers evidently not only to those contiguous to A, but 
also to those belonging to the other solid angles B, C, &c. 
of the hexahedron. 

The moveable plane may assume the following situations : 

1. Fcrpcndicniar to both sections. 

Upon this supposition, ABC will be perpendicular to 
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the iiitevsection of IHN'SS' anil PQSS', which is the line 
SS', or the rhombohedral axis of the hexahedron. All the 
six planes contiguous to that point, will necessarily coin- 
cide in that plane. 

2. Perpendicular to tJn^ sc. lion of the edge ; hut induuul to 
the section of the face* 

Ilere^very two laces situated like ABC and AB'C, &c. 
coincide in a single plane, which, though always pcr|)endi- 
cular upon PQSS', yet may be ditterently inclined to AX, 
Perpendicular to the section of the facc^ inclined to the scciiou 
of the edge. 

In this case again, pairs i>f faces like ABC and ABC' coin- 
cide in a single plane perpendicular to inclined to 

AX. 

4. PerpendiciUar to none of the sections. 

No two planes contiguous to the same solid angle of the 
hexahedron coincide, hut every two meeting in the same 
section, as ABC and AB'C in PttSS', or^\BC and Ab£' 
in MNSS', are inclined to that section at the same angle. 

In tlie first of the aliove mentioned crises, the situation 
of tlie moveable plane is perfectly determined. 

In the second case, the plane must citlier 

a) touch AC, the edge of the hexaliedron, or 

b) the line of its intersection with IH^SS' must include 
an angle with AX, which is greater then CAX.* 

Supposing the lirst to take place, two faces of the solid 
angle C, coincide in one single j)lanc, with two faces of 
the solid angle A, for instance CCVA with ABC, and 
CC"A with AB'C. Tliis does not take^^lace upon the 
latter sup|KJsition. 

In tlie third case, the moveable plane may either 

a) pass through the diagonal A B, and consequently coin- 
cide with the face of the hexahedron itself, or 


* Should this angle be less than CAX, it would be nooos- 
sary to refer the whole derivation, from the«olid angle A, 
lo the solid angle C, where tht^caso is contiued within the 
fUie above meiUioned. 



128 TEnMINOLOGY. §. 120 . 

b) its intersection with MNSS' may include an angle 
with AX, greater than BAX. 

Ill the first case, two planes of t he solid angle B coincide 
with two planes of the solid angle A, as for instance BAC 
with ABC, and BAC' with ABC', and consequently two 
from C likewise with two from C', being altogether eight 
planes coinciding in a single one, which is not the case in 
the second. 

The differences which may occur in the fourth case are 
the'followiiig : 

a) the intersection of every two faces, as ABC and AB'C, 
w'ith the plane PQSS', may^coincide with the edge of the 
hexahedron, or 

b) it includes an angle with AX greater than CAX. 
Suppose the former to take place ; tw'o faces from the 

solid angle A will coincide with two faces from the solid 
angle C, viz ; ABC with CC'A, and ACB' with CC"A ; 
which is not the case upon the latter supposition. 

The different situations, which a plane moveable round 
the point A may assume, are therefore the following : 

1. Perpendicular to both the sections ; 

2. I’erpendicular to the section of the edge, touching the 

edge of the hexahedron ; 

3. Perpendicular to the section of the edge, intersecting 

the edge of the hexahedron ; 

4. Perpendicular to the section of the face, in the face of 

the hexahedron ; 

5. Pei’pendicular to the section of the face, not in the face 

of the hexahedron ; 

G, Inclined to both the sections, touching the edge of the 
hexahedron ; 

7. Inclined to both the sections, intersecting the edge of 
the hexahedron. 

§. 120 . PRODUCTION OF THK FORMS OF SEVERAL 
AXES. 

Whatever situation* of those mentioned in the 
preceding paragrapli tlie inoveablo plane may as- 
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sume, it corresponds to the face of a form of seve- 
ral axes. 

We obtain or ilerire the forms of several axes from the 
hexahedron, by considering the space limited by all those 
faces which are homologous to the one whose situation h^s 
been ascertained. 

Hence there will exist as many different kinds of forms 
of several axes, as there are possible situations of the 
moveable plane, and no more ; and we obtain, therefore, 
the complete number of these forms, whilst at the same time 
every form is excluded which does not belong to this as- 
semblage. 

In the preceding paragraplis 57 — 77» we have met with 
more than seven forms of several axes. Those which are 
not immediately produced according to the present consi- 
deration, are nevertheless* contained in its results, the 
mode of which will be explained in the paragraphs 128.— 
134. 


§. 121. THE OCTAHEDUOX. 

In the first situation the moveable plane is the 
face of the Octahedron (§. 59.). 

Of the forty-eight faces which are moveable round the 
eight solid angles of the hexahedron, every six conti- 
guous to one of these solid angles coincide in one and the 
same plane, perpendicular to a rhombohedral axis of the 
form (§. 59. 2.). 

§. 122. THE nOUECAIIEDRON. 

In the second situation the moveable plane is 
the face of the Dodecahedron (§. 63.). 

A pair of faces from every solid angle of the hexahedron 
coincides with another pair of faces contiguoit^ to an adja- 
vor. r. 
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cent solid angle in a plane which touches the edge of the 
hexahedron, and joins these two solid angles. Hence, of the 
forty«eight faces, four and four will coincide, and the solid 
obtained will be limited by twelve faces. The prismatic axes 
pass through the centres of tjje edges of the hexahedron, 
and consequently also through the centres of the faces now 
obtained. Thus the faces of the derived ftmi become 
perpendicular to the prismatic axes, and are themselves 
the faces of the moiiogrammic Tetragonal-dodecahedron 
(§..63. 3.). 

§. 1S3. THE OCTAHEBEi^ TftIGOEAL-lCOSITETBA- 
HEBRON. 

In the third position the moveable plane is the 
face of an octahedral Trigonal-icositetrahcdron 

/§. 72.). 

In this case there are no pairs of fiices from one solid 
angle, coinciding with pairs from another ; but of the six 
faces contiguous to one and the same solid angle, two and 
two faces will coincide. Hence the number of faces of this 
form is twenty-four. Each of these laces is intersected by 
the two other faces contiguous to the same, and by one 
contiguous to the adjacent solid angle ; with the last of 
these fiu!es it produces an edge in the direction of the 
greater diagonal of the dodecahedron, or in the direction of 
the edge of the octahedron. Its faces therefore assume the 
figure of isosceles triangles ; the rhomhohedral solid angles 
of the form consist of three faces, and they are monogram- 
mic ; the pyramidal solid angles are formed by eight faces, 
and they are digrammic ; the form itself is an octahedral 
Trigonal-icositetrahedron (§. 72. 1. 2.). 

The different varieties of octahedral trigonal-icositetra- 
hedrons may be considered as forms intermediate between 
the dodecaliedron and the octahedron. If the angle 
measuring the inclination of the moveable plane to the axis 
AX, Fig. 36., becomes «greatq( than CAX, the face of the 
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monogrammic tetragonal-dodecahedron is divided into two 
isosceles triangles, whose common base is the longer diagonal 
of the rhomb. The triangles retain their isosceles figure, 
though the angles may vary, till the moveable plane inter- 
sects the axis of the form«at an angle of 90**. In this case, 
all the faces contiguous to the same solid angle coincide ki 
a single ))lane, which is the face of the octahedron. All 
possible varieties of octahedral Trigonal-icositetrahedrons 
are therefore contained between the two forms just men- 
tioned) and tlie dimensions of their varieties depend upon 
the magnitude of the above mentioned angle. 

§. 124. THK HEXAHEDRON. 

In the fourth situation, the moveable plane is 
the face of the Hexahedron (§. 5S.). 

In this situation pairs of faces from ajl the four solid 
angles A, B, C, C' coincide in a plane perpendicular to the 
pvraniidal axis (§. S8. 3.). 

§. 125. THE DIGRAMMIC TETRAGONAL-ICOSITK- 
TRAUEDRON. 

In the fifth situation, the moveable plane is the 
face of a dierrammie TetrastonaUicositetreihedron 

(§. 74.). 

The pairs of faces from the angles A and 1), and those 
from the angles C and C', do not coincide, Vut they inter- 
sect each other at equal angles in a determined point of the 
lengthened pyramidal axis of the hexahedron. A solid 
angle of three faces is produced at the point A. The 
edges which produce these two kinds of solid angles unite 
with each other in the prismatic axes prolonged, and thus 
produce solid angles, which contain likewise four faces, but 
two different kinds of edges. ^ 

Each face is intersected by«ifour other faces, two of 
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which are contiguous to the same solid angle, the other two 
to the adjacent ones. The faces are four-sided ; and on ac- 
count of the two kinds of edges which the form contains, 
it is a digrammic Tetragonal-icosi tetrahedron (§. 74. 2.). 

The digrammic TetragonaVicositetrahedrons may be con- 
sidered as forms intermediate between the hexahedron and 
the octahedron. For if the angle measuring the inclination 
of the moveable plane to the axis AX becomes greater 
than BAX, a digrammic Tetragonal-icositetrahedron will be 
produced, and the varieties of this form will succeed each 
other, till the angle just mentioned becomes = 90% when the 
derived form is changed intp the octahedron. The dimen- 
sions of the different varieties, arc dependent upon the 
value of that angle. 


§. 126 . THE HEXATIEDBAI. TRIGONAL-ICOSITETRA' 
HEliBON. 

In the sixth situatiun tlie moveable plane is the 
face of a hexahedral Trigonal-icosltetrahcdron 

(§■ 71 .). 

This icositetrahedron is produced by the coincidence of 
two faces contiguous to adjacent solid angles. From every 
edge of the hexahedron faces rise towards the prolongation 
of the pyramidal axes, at which they form a solid angle of 
four faces, intersecting each other at equal angles, while 
the general aspect of the hexahedron is retained in the de- 
rived form. I'he rhoinbohedral solid angles arc equiangu- 
lar, but they consird of two kinds of cdgo.s. 

Each of the faces of thi^ form is intersected by three 
other faces, of which one is contiguous to the same, and one 
to an adjacent solid angle of the hexahedron, the third face 
being common to both these solid angles. The faces of 
this form arc consequently triangular, and intersect each 
other at equal angles in its pyramidal solid angles. The 
form, therefore, will he a hexahedral Trigonal-icositctrahc- 
dron. c« 
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The hcxahedral Trigonal-icosi tetrahedrons are forms in- 
termediate between the hexahedron and the dodecahe- 
dron. The moveable plane passes through the edge of the 
hexahedron ; the limits to which its inclination approaches 
will therefore be on one side a plane perpendicular to the 
section of the edge, on the other a plane perpendicular to 
the sectfon of the face, of which the first produces the 
dodecahedron (§. 122.); and the other the hexahedron 
(§. 124.). 

The varieties are determined according to the mutual 
inclination of the faces at the place of the edge of the hex- 
.ahedron. Every different inclination, greater than 90® 
and less than 100% yields a particular hexahcdral Trigonal- 
icositetraliodron. 

§. 127. THE TETEACONTAOCTAHEDKON. DESIGNA- 
TION OF THE T^SSULAE FOUMS. 

In the seventh situation, the moveable plane is 
the face of a Tetracontaoctahedron (§. 77.). 

No tivo faces coincide in a single plane. The form there- 
fore is contained under forty-eight faces, which are scalene 
triangles, on account of their intersection with two faces 
from the same, and with one face from tlie adjacent solid 
angle of the liexahcdroii. The rliomboliedral solid angles 
are formed by six fa* es, tlie pyramidal solid angles by 
eight, and the pri.sinatlc solid aiiglo.s ])y four. All of them 
are equiangular and digrammic. Hence the form will be a 
Tetracontaoctahedron. 

It may here he observed, that the seven forms thus con- 
nected with the hexahedron, tlie hcxalieilron itself being 
one of the number, perfectly agree with each other in re- 
spect to the kind, number, and situation of their axes, 
which is an immediate consc([uence from the inethoil of 
derivation enniloyed Tlio same property docs not extend 
to the rest of the forms of several axes; and Uius the iniiu- 
her of the dilfevent kinds of a»i8 in their peculiar situation, 
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becomes the character by which it is juKssible to ascertain 
whether or not a form of several axes belongs to the com- 
pass of those which may be derived hnmrdiatrh/ iroin the 
hexahedron. All these forms are contained under the first 
degree of regularity (§. 47*)- ^ 

If, instead of a rhombohedron, we substitute the hexa- 
hedron, or, instead of an isosceles four-sided py^*amid the oc- 
taliedron, and apply to them Che modes of derivation describ- 
ed above (§. 80. 81. 82.) : certain combinations between the 
de|;ived forms will likewise represent the whole compass of 
those obtained by the process of the moveable plane ; some 
of them even with their determined dimensions, which may 
be considered as an advantage of this method. It requires, 
however, some knowledge of compound forms (§. 34.), 
upon the resolution or developement of which it depends. 

The designation of the forms of several axes has been 
framed upon a principle dilFerent from that followed in the 
designation of the rest of simple forms. The great num- 
ber of distinct kinds of forms, and the few varieties of each, 
known or occurring in the compass of derived forms, have 
been the reason wdiy it was impossible to trace in the crys- 
tallographic signs, all those relations of the forms to each 
other which distinguish the designation of the forms 
derived from the four-sided pyramids and from the rhom- 
bohedrons. The following method, although it does not 
possess the advantage of expressing these relations, yet 
is recommended by its brevity and distinctness. 

Designate the hexahedron by the letter II, the octalie- 
dron by O, the dodecahedron by D, the tetracontaoctahe- 
dron by T'; these being the initial letters of their respec- 
tive names. The initial letters of the icositetrahedrons 
cannot be employed in the same way, because there are 
three different kinds of such forms among those immediate- 
ly derived from the hexahedron namely, the hexahe- 
dral and the octahedral trigonal-icositetrahedrons, and the 
digrammic tetragonal-icositetrahedron. Designate the first 
of these hj A, the second by B, the third by C ; and add 
t o them, as well as tolh? sign of the tetracontapetahedrons, 
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the number which denotes the variety of these forms, os 
contained in the preceding paragraphs 

§. 128 . RESOLUTION OF FORMS BELONGING TO THE 
FIRST DEGRKT^ OF REGULARITY. 

To resolve a form of several axes, means to piT)- 
duce from it two or more equal and similar forms 
of several axes, the faces of which agree in num- 
ber and situation with one-half or one-fourth -of the 
faces of the original form. These forms reproduce 
the original one, if com\>ined in the required po- 
sition. 

A form of several axes, produced by the resolution of an- 
other, if it contains half the number of its faces, is termed 
a Half; if it contains only one-fourth of the faces, iUis 
termed a Fourth of the resolved or origin^ form. 

Those halves must not be taken for half forms, or such 
as might be obtained by cutting in two, one of the original 
forms, as w'ould be a simple pyramid. Nor are the fourths 
real quarters of original forms, because they have not been 
obtained by cutting in two, one of the preceding halves. 

The method by which the resolution is effected, is the 
following : 

Place the given form in an upright position, so as to 
make one of its rhombuhedral axes vertical. 

Call the up])er terminal point of this axis a Prtnetjpdl 
Pointy the lower one a Subordinate Pointy iftid transfer tliose 
names to all the terminal points of rhombohedral axes, dis- 
tant from the vertical one, for 109** 28' 16". In the hexa- 
hedron, as represented Fig. 36., the principal points are 
A, B, B', B", and the subordinate points, X, C, C', 

Enlarge now, 

1. aU ihe faces contigiwus to if le principal points^ till those COU* 
tiguous to the subordinate points disappear ; or, 

% the alternating faces from th^j^rindpal points^ and ihosc from 
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the subordinate ones which are parallel to ihemy again, till 
the rest disappear : or, 

3. the alternating faces from the principal points^ and those 
from the subordinate ones^ which arc not parallel to themy 
till the rest disappear. 

The enlarged faces, if they can geometrically include a 
space by themselves, will produce a form of many axes, 
which is a Half, if only one of the three methods has been 
applied ; a Fourth, if two at the same time, or subsequent- 
ly, have been employed in resolving the original form. 

If, in the first mode of resolution, instead of enlarging 
the faces contiguous to the ^principal points, we enlarge 
those from the subordinate ones, the result from the same 
original form will be another half, equal and similar to the 
first, but in a difierent situation from the other form. 
The two halves can be brought into a parallel position, by 
inverting the perpendicular axis of one of them. The posi- 
tion now mentioned is called the inverscy in reference to the 
other or normal position ; and one half of this kind is said 
to be the Inverse of the other, which has been obtained in 
the normal position. 

A similar result takes place, if, in applying the second 
mode of resolution, tiiose faces are made to disappear, 
which produce the lialf in the normal position, while the 
others are enlarged. Both these kinds of halves are re- 
markable for the parallelism of their faces, which, however, 
is a consequence of the method of resolution applied. 

The third method of resolution, if treated in the same 
manner, enlarging those faces which had been made to dis- 
appear befoli», and vice vrnia^ does not yield exactly the 
same result. In resj)fc'ct to position, there is no difference 
among the two halves ; but there is a difference according 
to Right and Lefty as mentioned in §• §. 67. and 76. The 
same relation exists in the Fourths, which, like the halves 
of the first and third method of resolution, have no paral- 
lel faces. 

Some of the forms derived from the hexahedron, do not 
allow of any resolution atcall ; either because half the nuin- 



§. 128 . Ol^' THE CONNEXION OE EOllMS. 137 ’ 

ber of their fiices would not be ssuilicient to include a space 
from all sides ; or because none of the methods mentioned 
is applicable to them. The first is the reason why the 
hexahedron, the other why the dodecahedron, have no 
halves. Besides, it is nol^ every form that can be resolved 
by every one of the above-mentioned methods ; but cg:- 
tain properties of the form are required to render one of 
these methods applicable. 

first method supposes the faces of the form which is 
to be resolved not to touch the terminal points of two rhom- 
bohcdral axes ; or, which is the same, not to touch a prin-. 
cipal point and a subordinfite one at the same time. For 
as it is required to effect the reverse on one of those points, 
from what has been done on the other, it would thus be 
requisite, that one and the same face should at the same 
time be made to enlarge itself and disappear. For this 
reason, the hexahedral trigbnal-icositetrahedron cannot be 
resolved according to the first method. , * 

The second and ihird method supposes the number of 
faces at the rhombohedral solid angles to be such as will 
render it possible to enlarge the alternating ones. This 
cannot take place, if the solid angles are formed of three 
faces. In this case, the resolution too is imjiossible ; and 
therefore, the two methods require the rhombohedral solid 
angles to consist of six faces. The third method requires 
moreover the condition of the first method to take place, 
else it would be necessary to enlarge all tlie laces ; and con- 
sequently no resolution at all could take jilace. By this 
last condition, the hexahedral trigonal-icositetrahedron is 
excluded, and the method becomes applicable only ^to the 
tetracontaoctahedron, which, however, can be resolved ac- 
cording to both the other methods. 

The axes undergo very rcmatkablc changes by the reso- 
lution. The rhombohedral ones remain unaltered ; the 
prismatic axes disappear entirely in all the halves ; the 
changes in the pyramidal axes arc various. If the third 
method has been ajiplicd, they remain constant like the 
rhombohedral axes; they aro^chnnged into prismatic axes 
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ill the first and second processes ; and then there are no 
more than three axes of this kind to be found in the solid. 
Ill the resolution of halres in fourths, or in the application 
of two of the methods at once, they disappear entirely. 
The peculiar character of the halves is, therefore, that they 
have fia* axes less ; of the fourths, that they hAy^ nitic axes 
less than the original forms. 

The halves arising from the first method of resolution, 
and the fourths, into the formation of which this method like- 
wise enters, assume the general aspect of the tetrahedron. 

The crystallographic signs of these forms are obtained 
by indicating a division by t^e numbers 2 and 4, the re- 
ferences as to position by the signs' + and — , and those to 
night and Left, by the letters r and 1 prefixed to the crys- 
tallographic sign of the original form. 


§. 129. THE TETBAHBDBOH. 

The half of the octahedron is the TetraJiedron 
(§. 57.). 


The octahedron allows of the application of the first pro- 
cess. The number of faces of its half is four, and these 
faces are perpendicular to the rhombohedral axes. 

The crystallographic signs of the two tetrahedrons, of 
which one is in the normal, the other in the inverse posi- 


tion, Figs. 13. 14., as halves of the octaliedron, are (o) 

and — — (o'), 

2 . 


§• 130. THE HEXAHEDBAL PENTAGONAL-DODECA- 
HEDBON. 


The half of the hcxahedral trigonal-icositetrahe- 
dron is the hexahedred Pentag(mal^dodeca7iedr(m 

{§■ 6 ».). 

Here the second procc^ss must be applied. If the al- 
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ternating faces contiguous to tlie principal points disap- 
pear, and at the same time those which are parallel to the 
former at the subordinate points; every one of the re- 
maining enlarged faces is intersected by five otiicrs, and 
thus assumes a pentagoi^jil figure. The number of faces is 
evidently twelve ; the form produced will therefore bc^ a 
pentagoTial-dodecahedron, which is a hexahedral one because 
the second mode of resolution does not change the general 
aspect of the form. The latter property also might be 
derived firqm the equality and similarity of the eiglit solid 
angles of three fiices, which correspond to those of the 
hexahedral trigonal-icositqtrahedron, which are formed by 
six faces (§. GG. 1.). 

The crystallographic signs of the hexahedral pentagonal- 
dodecahedrons, one of them being in the normal, the other 

in the inverse position, figs. 19. 20., are (a) and 

2 


— (flO, where n 
2 

expressed. 


denotes the variefty which is to be 


§. 131 . THK HIGSAMMIC TETBAGONAL-DOHECAHK- 
PBOK. 

The half of the octahedral trigonal-icositetrahc- 
dron is the difframmic Tetroffonal-dodecahedron 
(§. 64 .). 

The resolution is effected after the first^nethod. 

Each of the enlarged faces is intersected by four* others, 
of which two belong to the same, and two to other princi- 
pal points. Thus they become, four-sided, and their number 
is twelve. Hence the form is a tetragonal-dodecahedron ; 
and since it assumes the ge^ieral aspect of a tetrahedron, 
the first mode of resolution having been applied, it will be 
that described in §. 64. 1., or the digrammic tetragonal, 
dodccaliedron. 

The crystallographic signs of these forms in the normal 
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and in the inverse jrasilion, Figs. 17. 18., are ^ ( 6 ) and 



§. 132. THE TBICONAR-DOHECAHKHSON. 

The half of the digrammic tetragonal-icositetra- 
hedron is the Trigaml^dodecahedron (§. 61.) 

This resolution is likewise effected after the first me- 
thod. 

Each of the enlarged facef is intersected by two faces 
of the same, and one of another principal point. These 
faces, isosceles triangles, are twelve in number ; and the 
half therefore is a trigonal-dodecahedron. 

The crystallographic signs of these forms in the normal 

, and in the inverse position, Figs. 16. 10., are ~ (<;) 

and— .5^ (6*0. 

2 ^ 

§. 133. THE TETRAHEDllAL TRIGONAL-ICOSITETRA- 
JIKDRON, THE TRIGRAMMIC TETRAGONAL-ICOSI- 
TETUAHEDRON, AND THE PEXTAGONAL-ICOSITE- 
TllAHEDRO^Q. 

The halves of the tctracoiitaoctahedron are, 

1. The tetrahedral Trlgonal-icositetrahedron 

(§.70.); 

2. The trlgrammic TetragoiiaUicositctrahcdron 
(§. 75.) ; and 

3. The PentagonaUicQsitetraJiedron (§. 76.). 

Any one of the three methods of resolution may be ap- 
plied to the telracontaoctaliedron ; and this form consc- 
ciuently has three kinds of halves, which at first sight seem 
to agree with each other only in their being icositetrahe- 
drons. 
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The first mode yields the tetrahedral trigonal-icositetra- 
hedron. The solid angles of six faces of the original form 
are likewise to be found in the half, because according to 
this method all the faces contiguous to the principal points 
are enlarged. The facej are intersected by two other faces 
of the same principal point, and by one face contiguq^is 
to anotlTer, exactly as in the preceding case ; the faces re- 
main triangles, which arc likewise scalene, but not similar 
to those of the original form. The half therefore is a tri- 
gonal-icositctrahedron, ivhich owes its tetrahedral aspect to 
the application of the first process. 

In the designation of thqse forms, it is necessary to indicate 
the mode of resolution upon which they depend. The sign of 
the tetrahedral trigonal-icositetraliedrons in both, the normal 

Tn 

and the inverse positions, Figs. 25. 20., will therefore be ll__ 

2 i 

TTii * 

and r . The trigramniic tetragonal-icositetrahcdrojj is 

^ • 

the result of the second mode of resolution. The intersec- 
tion of the enlarged faces takes place with two fiices of the 
same principal points, and with two faces contiguous to adja- 
cent subordinate points. In comparing the pyramidal solid 
angle of the tetracontaoctahedron with the corres])onding 
solid angle in its half, we find, that of the eight faces which 
constitute the first, alternating Pairs of faces arc enlarged, 
and not the alternating single faces. From this it becomes 
evident that the angle formed by four faces above the face 
of the hexahedron cannot consist of equal edges, and that 
consequently the faces of the tetragonal-icositetralicdron 
thus formed cannot by a straight lino be divided in tvvo isosce- 
les triangles. Besides the two kinds of edges meeting in the 
solid angle of four faces, the form contains still another kind 
of edges, which meet in the rhombohedral solid angle form- 
ed by three planes ; it is therefore a trigramniic tetragonal- 
icosi tetrahedron (§. 2,). 

The crystallographic signs of the trigramniic tetragonal 
icositetrahedrons in both, the normal and flie inverse posi- 

tions. Figs. 27. 2d., are _ aifd — 

2 ii 2 ii 
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If wo apply the third method, the result M'ill be a pen- 
tngonal-icositetrahcdron. Here all the alternating faces 
of the original form are enlarged, while the rest disappear, 
so that each face is intersected by five others, of which two 
belong to the same principal point, the rest to the adjoin- 
ing subordinate points, and the faces assume therefore a 
pentagonal figure. Of the pyramidal solid angle of the te- 
tracontaoctahedron likewise the alternating faces are en- 
larged ; this solid angle therefore remains a pyramidal one, 
and .the axis which passes through it, a pyramidal axis. 
These properties will suffice for determining the form to be 
a pentagonal icositetrahedroi^ 

The crystallographic signs of the pentagonal-icositetra- 
hedrons, in reference to their being as it were twisted to 

rp 

the right or to the left, Figs. 29. 30., are r _ and 1 — . 

2 2 

It would be superfluous to add here the number iii for in- 
' dicating the mode of resolution, except in comparing these 
forms with other halves of the tetracontaoctahedron. 

§. 134. THE TETRAHEDRAL PEKTAGONAL-DODE- 
CAHEDBONS. 

The three icositetrahedrons of the preceding pa- 
ragraph, which are halves of the tetracontaoctahe- 
dron, allow of a farther resolution, and then yield 
the fourths of that form. The fourths of the te- 
tracontaoctahedron, are the tetrahedral PentagonaU 
dodecahedrons (§. 67.)- 

The resolution of the tetrahedral trigonal-icositetrahc- 
dron, is effected by enlarging its alternating faces, till they 
limit the space by themselves. Each of the enlarged faces 
is intersected by five others ; and the resultant fourth is 
therefore a pentagonal-dodecahedron, whose general aspect 
is that of ttie tetrahedron, on account of the application of 
the first process. The fourth itself iJ the tetrahedral 
pentagonal-dodecahedron. 
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This method of resolution produces the same result as if 
the first and the second, or the first and the th.inU had been 
applied to the tetracontaoctahedron. The first requires 
the faces of the subordinate points to disappear ; the others 
require in this case only Uie enlargement of the alternating 
J&ces of the remainder. 

If in the icositetrahedron considered above, we enlarge 
those faces which have disappeared, and vice versa, let those 
disappear which have been enlarged before; the result 
in respect to that obtained first, will be a Lift tetrahedral 
pentagonal-dodecahedron. But the icositetrahedron may be 
resolved both in the norpial and in the inverse position. 
Hence both the differences, as to Bight and I^eft, and as 
to Normal and Inverse, come into consideration in the te- 
trahedral pentagonal-dodecahedron. 

The trigrammic tetragonal-icositetrahedron may be re- 
solved after the first process, by enlarging all the faces 
contiguous to its principal points, &c. Each of these faeCs 
is intersected by five others, two of which belong to the same, 
the other three to adjacent principal points. For the rest, 
every thing is as above; and the trigrammic tetragonal- 
icositetrahedron yields exactly the same fourths. 

The pentagonal-icositetrahedron is resolved according to 
the first method, by enlarging all the faces contiguous to 
the principal points, &c. Each of these faces again is in- 
tersected by five others, and the result of the resolution is 
likewise a tetrahedral pentagonaUdodecahedron. 

These four pentagonal-dodecahedrons, different on one 
side as to right and left, on the otlicr as to their normal 
or inverse position, reproduce in binary coRibinations the 
icositetrahedrons, and in a quadruple combination the tetra- 
contaoctaliedron itself, from the resolution of which they 
have been obtained. 

The first of these differences is expressed* by the letters 
r and 1, the second by the signs + and — , prefixed to 
Tn 

— tlic general notation of one-fourth of the tetraconto- 
octahedron. The four dotlecahedrons will therefore be : 
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+ r 2 ^ (/) rig. 21., - r ^ (0 Fig. 22., 

4 4 

+ 1 — (/") Fig. 23., — r£!i (<"') Fig. 24. 

4 4 

These four solids yield six binary aggregates : 

1. + r — r which is = 1 — . Fig. 30. ; 

4 4 2iii 

2. + r + 1 ?!!!, which is = + 2^ Fig. 25. ; 

4 4 2 i 

S. + r — 1 1!!, which is = — Fig. 28. ; 
4 4 2 ii ^ 

. 4. — rZ!I. 4- 1 which is == + — Fig. 27. ; 
4 4 2 ii . 

5. — r — . — . 1 — , which is = — — Fig. 26. ; 
4 4 2 1 


6. + 1 — . — 1 which is = r ^ Fig. 20. 

4 4 2iii 

Of these, 1 and G are jientagonal-icositetrahedrons, 1 is 
the left, and C the right one ; 2 and 5 are tetrahedral 
trigonal-icositetrahedrons, 2 is in the normal, and 5 in the 
inverse position ; and 3 and 4 are trigrammic tetragonal- 
icositetrahedrons, of which 4 is in the normal, and 3 in 
the inverse position. Every two homogeneous forms of 
these six reproduce by combination the tetracontaoctahe- 
dron itself. 

The halves and fourths belong to the second degree of 
regularity. 

The preceding methods of resolving the original forms 
of several ;»xes yield all those forms which have been de- 
sciibed above (§. 57. — 770> which could not be ob- 

tained by immediate derivation. Thus, resolution com- 
pletes what by derivation would have remained imperfect ; 
and we ar^ entitled to consider as complete the number 
of simple forms of several axes. 

The method of resolving simple forms, is not confined 
to those which possess several axes, in as much as it may 
also be applied to pyramids of every description, and even 
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to rhombohedrons. This requires, however, certain re- 
strictions, which will be mentioned along with the results 
of that process, in some of the paragraphs referring to the 
Character of ComUmitons, 


OENEBAL IDEAS OF SIMPLE FORMS* 

§. 185. SYSTEM OF CRYSTALLISATION.. 

The assemblage of simple forms derivable from 
one fundamental form (§. 87 ), independent of all 
consideration of its dimensions, is termed a System 
of Crystallisation^ and denominated after the fun- 
damental form, from which it is derived. 

The term System of Crystallisation hasr often been made 
use of in a sense diflercnt from that of the present defini- 
tion. 

A System of Crystallisation is not a mere aggregation of 
forms, according to their different kinds, or according to 
certain properties peculiar to them ; but it is the Assemblage 
of those RckHions which take place among certain simple 
forms, in as far as they are derived from one fundamental 
form. 

From the above mentioned four fundamental forms, there 
arise four different Systems of Crystallisation ; and no more 
systems are possible, if there exist only foim* forms of this 
kind. We have no reason to assume a new fundamental 
form in Crystallography, unless w^e have discovered or ob- 
served a form, which cannot be derived from any one of 
those which are known. As this is the case with the sca- 
lene four-sided pyramids with an inclined axis (§. 00.), the 
number of systems of crystallisation will be increased to 
tfir, or perhaps to seven. In none of these systems can 
there be any objection against considering aU those forms 

VOL. 1. K 
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which geometrically must enter into it, as really belonging 
to them, although nature should not as yet have produced 
them as simple forms. 

The System of Crystallisation derived from the rhombo« 
hedron is termed the Rhomhohedral System, The system 
whose fundamental form is the' isosceles four-sided pyramid, 
is called the quadrato-pyramidal, or, in shorter terms, the 
Pyramidal System f that from the scalene four-sided pyra- 
mid is the rhombeo-pyraniidal system, which, on account of 
the great variety of prisms which it contains (§.91. 95. 98.), 
receives the denomination of the Prismatic System ; and 
that from the hexahedron is called the Tcssular System^ not 
the hexahedral one, in order to intimate, tliat experience 
has not as yet given any reason for assuming another sys- 
tem of tessular forms, although geometrically we may con- 
ceive a system of forms of several axes, which stands in the 
same relation to the regular dodecahedron of Geometry, in 
^ which the tessular system is to the hexahedron. The otiier 
systems, comprising the Hemiprismatic (§. 153.) and the 
Tetartoprismatic (§. 154.) forms, have not as yet been pro- 
vided with particular denominations. 

§. 136 . SEBIES OF CBYSTALLISATION. 

The fundamental form being supposed to possess 
determined dimensions, the assemblage of derived 
forms becomes a Series of Crystallisation. 

The system of crystallisation is an idea of very great ex- 
tent, but if is liable to certain restifctions in particular de- 
terminate cases. These restrictions consist in ascertaining 
or fixing the dimensions of the fundamental forms in the 
different systems : for the relations of the derived forms 
among each other and to the fundamental one are general, 
and must remain unchanged in all series of crystallisation, 
which belong to the same system. If, therefore, the funda- 
mental form is supposed to possess determined dimensions, 
the derivation will yield„*i System of Crystallisation, which 
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is determined for a particular case ; or, which is the same 
tiling, it will produce a Series of Crystallisation. 

From these considerations it follows that the tessular sys- 
tem, being the only one in which the simple forms possess 
invariable dimensions, will comprehend only one Series of 
Crystallisation; while alf the other jsystems, which possess 
variable dimensions, may comprehend an unlimited num- 
ber of such series, that is to say, as many as there may be 
differences in the dimensions of their fundamental forms. 

Since these series represent the systems of crystallisa- 
tion themselves, though determined for particular dimen- 
sions ; it is plain that the^ must not be confounded with 
the series of homogeneous simple forms (§• 85.) considered 
above, as, for instance, with the series of rliombohedrons, 
or of the different pyramids. It is also evident that, if 
different members of the same series, for instance R, 
11 + 8, R — 1, &c., be considered as fundamental forms, 
they will not yield different series of crystallisation, because 
upon this supposition, the results obtained by derivation 
will be identical. 

§. 137 . THE SYSTEM OF CRYSTALLISATION DETER- 
MINED FROM A SINGLE FORM. 

From the observation of any single form, except 
the right rectangular prism, the System of Crystal- 
lisation to which this form belongs may be inferred. 
This extends to the Series of Crystallisation, if tlic 
dimensions of the form be given or kr^wn. 

The facility of ascertaining the System of Crystallisation, 
by observing one single form, is obvious, and is founded 
upon the difference among those simple forms, which consti- 
tute the different systems. Thus the rhombohedral system 
is composed of rhombohcdrons, of six-sided pyramids, and of 
six-sided and twelve-sided prisms ; the pyramidal system, of 
isosceles four-sided pyramids, and of scalene eight-sided py- 
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ratxiids, besides rectangular four-sided prisms, and eight- 
sided prisms of alternately equal angles, &c. It is therefore 
not very difficult from one form being known, to trace or 
find out the system to which it belongs. The only excep- 
tion occurring here, is the right rectangular four-sided 
prism, which may belong, as & simple form, or as a com- 
pound one, to three, or at least to two different systems, 
if we abstract from the plane perpendicular to the axis. 
As a simple form, it is the hexahedron, and belongs to the 
tessular system ; as a compound form, which consists of two 
simple ones (P — oo and P + os), it is a right rectangular 
prism, and belongs to the pyramidal system ; and as a com- 
pound form, consisting of three simple ones (P — cc. 
Pr + 00 . Pr -f 00 .), it is likewise a right rectangular prism, 
but belongs to the prismatic system. The abstract geome- 
trical consideration of these forms, yields no characters by 
which they could be distinguished from one another, though 
the means will be afterwards (§. 159.) pointed out, by which 
this uncertainty may be removed, and which principally 
depend upon the connexion of certain forms with each 
other, and upon several peculiarities occurring along with 
them in natural bodies. 

If the given form possesses finite dimensions, these are 
either known, or may be found by immediate measure- 
ment ; in both cases, therefore, it is possible to obtain those 
of the fundamental form, and consequently also of the se- 
ries to which it belongs. 


III. OF COMBINATIONS. 

OF COMBINATIONS IN GENERAL. 

§. 138 . DEFINITION. 

A compound form is termed a Combination 

(§. 34 .). 
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A mineral occurring in a compound form is nevertheless 
a simple mineral (§. 21.), and may be an individual; for 
that composition, which is the subject of our present consi- 
deration, regards only the CKternal form of the mineral. 
Yet an individual, aifectihg a compound form, or more than 
one simple form at a time, may be imagined to represent two, 
three, or more individuals, if we suppose that all the na- 
tural historical properties of the individual, with the ex- 
ception of the geometrical ones, are connected with every 
one of the simple forms contained in the combination. 

A combination may, in some instances, assume the as- 
pect of a simple form, being contained under faces which 
are equal and similar to each other (§. 35.). This takes 
place when two equal and similar forms combine in differ- 
ent positions, which positions, nevertheless, are always pe- 
culiar to the system in wliioh these forms are found. Com- 
binations of this kind may be ascertained to be such, and dk- 
tinguished from really simple forms, either by the number 
of their faces, which is greater than that produced by deri- 
vation, or by their relations and the position, which exclude 
these apparently simple forms from the series to which, as 
simple forms, they would necessarily belong. 

The form of a combination is the space contained at the 
same time within all the simple forms constituting it. 
Hence, none of the angles of incidence of a combination 
can be greater than 180°, or re-entering angles. Such angles 
arc produced, though not always, if two or more indivi- 
duals, of the same or of different forms, are connected in 
different positions f these compositions wttl be properly 
considered in §. 178- &c. * 

The number of forms entering into a combination, is un- 
determined. There may be only two, but there also may 
be a groat number of them. A combination containing two 
simple forms is also termed a hlnary comlnnation ; one con- 
taining three simple forms, a triple comhination^ &c. The 
exact knowledge of binary combinations is the most in- 
teresting department of Cryg^illography, in as far as it 
refers to compound forms. The knowledge of binary com- 
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binations may be considered as the elements of the know- 
ledge of multiple combinations ; and a triple combination 
may be resolved into two, a quadruple combi nation into 

one consisting of n simple forms, into ” 


SIX. 


binary combinations. 


1 . 2 


§. 139. FIBST LAW OP COMBINATION. 

The first Law of Combination is : That the 
combined simple forms must belong not onhj to the 
same System (§. 135.), hut also to the same Series of 
Crystallisation (§. 136.); they must be derived 
from one and the same Fundamental Form. 

If one of the simple forms contained in a combination, 
belong to a certain System of Crystallisation, the rest of 
them also must belong to the same system. Let, for in- 
stance, this form be a regular six-sided prism ; the rest of 
the forms combined with it will belong to the rhombohe- 
dral system; and thus one single form recognised in a 
combination, though it be a limiting one, will be sulFicient 
to determine the System of Crystallisation (§. 137-)« I^ut 
the form recognised may be a finite one, and moreover it 
may be, according to its dimensions, a member of the Se- 
ries of Crystallisation peculiar to rhombohedral I.ime-ha- 
loide ; the rest of the forms will belong to the same scries 
(though fi»cm this only it does nob» necessarily follow that 
the individual is rhombohedral Lime-haloide) ; and their 
dimensions may be calculated, as soon as we know in what 
relation they stand to that which has been determined. 
Hence also, in this case, the observation of one single form 
suffices for determining 'the whole Series of Crystallisation 
to which all the simple forms of the combination belong 
(§. 137.). Nature confirms this law in all combinations, 
without any exception.^ 

The only combinations to be considered in Cryslallogra- 
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pliy are therefore such as are produced by forms belonging 
to the same Series of Crystallisation. 

§. 140 . SECOND LAW OF COMBINATION. 

The second Law of Combination is : That the 
simple forms contained in the combination^ must be 
in such Positions towards each other asare peadiar 
to them in the systems to which they belong. • 

According to the preceding derivations, the simple forms 
of every system are obtained in certain determined posi- 
tions. In these positions, and only in these, they join in 
combinations. 'Thus, in the rhombohedral system we have 
the parallel position and the transverse position ; in the py- 
ramidal system the parallel position and the diagonal posi- 
tion, &c. In most cases, the combined i^rms assume th%se 
positions, in which they have been derived. Thus, in the 
rhombohedral system, the subsequent rhombohedrons R and 
11 + 1 are in a transverse position, the alternating rhombohe- 
drons R and 11 + 2 in a parallel position, in regard to each 
other. Yet there are some exceptions in this respect. The 
position of R, the fundamental form of the rhombohedral 
system, is considered as the mrmal one, to which the position 
of all other forms is referred ; yet this rhombohedron somei* 
times appears in a transverse position, whilst other forms, 
though according to the derivation obtained in the trans- 
verse position, nevertheless affect the parallel one in the 
combinations. If thus one and the same simple form appears 
in both positions at once in a combination, a remarkable re- 
sult will be obtained, after the necessary enlargement of 
their faces, all other faces having been made to disappear. 
They produce a form contained under equal and similar 
faces, which assumes the aspect of a simple one (§• 138 .), 
though it is really compound, as results from the process 
by which it has been obtained. 

Nature confirms this secofiR law relative to the position 
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of the forms as the preceding one (§. 139.), in every combi- 
nation. 

;§. 141. SYMMETRY OF COMBINATIONS. 

. The Symmetry of combinations is founded upon 
the two laws in §. 139. and §. 140. 

The Symmetry of combinations consists in the same- 
ness of disposition of the faces, edges, and angles of each of 
those simple forms which they contain, in respect to the 
homologous parts of the other ; or it consists in the same- 
ness of situation of the different edges and angles produced 
by the combination of these simple forms. Symmetry re- 
fers only to combinations, Regularity only to simple forms 
(§. 45.). 

All combinations produced by nature are symmetrical, 

' and experience thus confirms the truth of the two above- 
mentioned laws ; since the symmetry of combinations de- 
pends upon the relative dimensions and the position of 
simple forms. These Laws of Combination, and not the 
Symmetry of the latter, are fundamental laws in Crystallo- 
graphy, because the latter is a mere and necessary conse- 
quence of the former. 

Sometimes there «)ccur in nature apparent exceptions 
to this Symmetry. Y'et they are merely accidental, and 
arise from an unequal and disproportionate enlargement of 
certain faces of Crystallisation ; and this sometimes goes so 
far, as to cause some of these faces entirely to disappear. 
Sometimes, however, certain faces are enlarged, and others 
diminished, according to constant laws, and then the sym- 
metry is not destroyed altogether, though it assumes a pe- 
culiar character, different from what it has been before. 
The differences tlius produced, are called the Churacter of 
ComUmtienSy and will be considered afterwards in greater 
detail. 

In considering the combinations, we must abstract from 
all casual dev'ations front' vsymnietry, as in like manner has 
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been clone with certain irregularities of simple forms (§. 45.), 
and reduce the combinations themselves to their peculiar 
symmetry. 

§. 142. EDGES OF COMBINATION. 

The edges, in which the faces of two different 
forms contained in a combination, meet or intersect 

each other, are termed Edges of Combination. 

• 

Compound forms contain sometimes a great many edges 
of combination : in this case they are determined and dis- 
tinguished from each other by attending to the simple 
forms, between the faces of wliich they are situated, or 
whose intersections they represent. What has been said 
in §. 29. 32. of edges in general, applies likewise to edges 
of combination. 

It sometimes happens that the edges oC the simple forms 
disappear entirely in a compound form, so tliat every edge 
to be met with is an edge of combination. 

§. 143. DEVELOPEMENT OF COMBINATIONS. 

The developcnicnt of a combination consists in 
determining, 1. the kind of all the simple forms con- 
tained in it ; 2. their peculiar position ; and 3. their 
relations to each other. 

It is not diflicult to recognise the kind of simple forms 
contained in a combination. For this purpose, enlarge one 
set of homologous faces which it contains after the otlier, 
till the rest disappear ; and the kind of the form will be- 
come evident, from their number and disposition. Each 
of these forms is obtained at the same time in their peculiar 
position. 

The determination of the mutual relations of the forms 
is in many cases somewhat more circumshintial. They 
might be derived immediaiely from their dimensions, 
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comparing tlicni wiUi each other, as obtained from the ob- 
servation of the angles of incidence at the edges of these 
simple forms themselves, or at the edges of combination : 
this process, however, being deficient in geometrical preci- 
sion, cannot lead to any generality, and is therefore not an 
appropriate foundation for a scientific method of Crystallo- 
graphy. Besides, it would suppose a great number of mea- 
surements, which, in establishing general laws, we must 
avoid as much as possible, because the crystals themselves 
are ‘Very seldom found in such perfection, and under such 
circumstances, as to allow of any observations of this kind, 
upon the correctness of which we might rely. 

The method of Crystallography intended for the use of 
the Natural History of the Mineral Kingdom, and em- 
ployed in the present work, is founded solely upon the si- 
tuation of those edges, in which the faces of several simple 
forms intersect each other ; that is to say, of the edges of 
combination ; and this method is therefore independent of 
all measurement. The situation of those edges is a conse- 
quence of the relations among the simple forms, and it is 
changed as soon as any change takes place in these. It 
will be possible, therefore, to determine the simple forms 
contained in the combination, provided the situation of 
the edges affords sufficient data. Only if these be wanting, 
it will be necessary to resort to immediate measurement. 

The number of data required for this purpose, de- 
pends entirely upon the quality of the form itself. Thus 
a rhombohedron depends upon a single datum ; for in or- 
der to determine it exactly, nothing is required but to 
km)w the relative length of its axis, or what place it occu- 
pies in one of the series developed above. At the same 
time, it appears whether it be a member of the principal 
series or of a subordinate one. For a scalene six-sided 
pyramid, two data are required, in order to determine, first, 
the rhombohedron from which it is derived, and then with 
what number the axis of this rhombohedron must be mul- 
tiplied in^the derivation. In general, since the situation 
of any plane is perfectly \letermincd by three points given 
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in it, there is no possible case, in which more than two data 
are required, each of these data consisting in the situation 
of a straight line upon one of the faces of that form. 

This method of determining the relations of simple 
forms contained in a combination, is evidently founded 
upon thg knowledge di‘ the series produced by these forme, 
which have been explained above : by these it acquires a 
perfect generality, because in every stage the same rela- 
tions exist among the members. 

The developemcnt itself may be effected cither* umilylU 
cully or synthetivalhj. The synthetical method s])eaks more 
plainly to the eye, and is therefore particularly recom- 
mended to beginners. The analytical method is more easy, 
elegant, and general. Several examples of the synthetical 
method are contained in the course of this work ; and since 
it would far exceed its limits to treat of these methods at 
large, I shall only subjoin a short sketch of the proces^ of 
the analytical method. 

Let ABC, A'B'C', Fig. 49., represent the faces of two 
forms of the rhombohedral system, for instance, of two sca- 
lene six-sided pyramids, whose horizontal projection is the 
same, and which are placed in a parallel position. The 
lines CB, C'B' will intersect each other in the point G, and 
six points situated like G will be common to both the forms. 
The points G, G &c. are situated in a horizontal plane, per- 
pendicular to the axis AX in M, the centre of the form ; 
they are constant in all forms of the rhombohedral sys- 
tem ; for though the situation of the points C, and 
B, B' may vary, yet this never can ha^«e any influence 
upon their intersection in G. In the other systems of 
crystallisation, the situation of the points G, G &c. is 
not invariable ; but it may easily be shewn, that this si- 
tuation depends upon the diagonals of the bases of the 
forms combined. 

The acute terminal edges AC, A'C', intersect each other 
in the points G', G', &c., which points, therefore, are likewise 
common to both the forms. The situaiioirof these points 
is variable, and depends upon the relations of the axes, be? 
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longing to the combined forms. If A, or A', or both at the 
same time change their places, G', G', &c. necessarily must 
change theirs likewise. 

The straight line GG', joining the points G' and G, is 
the intersection of the faces of the two forms, and repre- 
sents, therefore, their edge of combination (§. 142.) ; it lies, 
on that account, both in the plane ABGG', or in the face 
ABC of the one, and in the plane A'B'GG', or in tlie face 
A'lVC' of the other p^^ramid. Hence it appears that the 
situation of the line GG' depends upon the relations of the 
bases, or of the horizontal projections, and upon those of the 
axes ; or in general, upon th^ dimensions of the combined 
forms themselves. 

If we now produce the obtuse terminal edges AB and 
A'lV of the combined pyramids, till they intersect each 
other in F ; F will again be a point common to both the 
forms. Hence it follows, that F, G and G' must be situ- 
ated in one straight line ; and that if the one of the va- 
riable points F and G' moves, the other likewise must be 
ailected by this alteration. This demonstrates the imme- 
diate dependence of the situation of F uj)on the dimensions 
of the combined forms. 

The horizontal plane JIZ intersects the obtuse terminal 
edges of the pyramids in E and E'. The situation of these 
points, or their distance from the centre M, is likewise va- 
riable ; but it depends upon the dimensions of the combined 
forms, exactly as the rest of the variable points, and be- 
comes determined for determined forms. 

Thus thedength of the lines EF or E'F will be perfectly 
determined, being a function of the above-mentioned re- 
lations. 

The line EF or P^F' is termed the Lhie of ConiUnation. 
Its length can be measured by comparing it with the ter- 
minal edge, or with the diagonal, of which it is a part, or 
in which it lies, if produced to a sufficient length. A single 
ef[uation is sufficient for expressing this line in the rhom- 
bohedral system. Two expressions are required in the 
pyramidal system, on account of the differences arising 
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from the parallel and the diagonal position of the forms 
themselves, and of their horizontal projection, which dif- 
ferences cannot be comprehended in a single formula. A 
single equation again is sufiieient in the prismatic svsteiii, 
where there exists no such difference. 

These equations contafti every possible case in respect to 
the kind»and the position of forms within one and the same 
system, and to certain differences in the edges of combina- 
tion, in as much as these may be produced by faces conti- 
guous either to the same, or to different apices ; aiql Avliich 
again belong either to that side which may be conceived to 
bo turned towards the observer, or to the opposite side 
of the forms under consideration. These differences are 
exjiressed in the equations by the addition of the signs + 
and — .* The possibility of thus comprehending every 
binary combiiiation of a system in one, or, at the utmost, 
in two expressions, is at the same time the most convincing 
proof of the sim])licity and generality of the method. 

I shall now shortly explain the use of the Ijine of 
Combination, in the developemcnt of compound forms, 
which is here reduced to the determination of the relations 
among the simple forms contained in the compound one, 
that are already known as to their kind and position. 

L.et ABC, A'B'C', Fig. 50., represent the faces of the 
same forms as in Fig. 40. ; and the points G, G', F be 
identical with those in the same figure which are marked 
by the same letters. Combine now a third form with these, 
whose fdee is A"B"C", and whose dimensions are such as 
to have the points G and G' common to all these three 
forms. The points G must always keep theTsame place, if 
we suppose the horizontal projection to be equal. The 
edge of combination thus produced between the new form, 
and any one of the others, will evidently coincide wdth tliat 


• Vide Gilhcrfs Annalcn dcr Physlk, 1821. 8., where 
these formulae have been published, along wjth examples 
of their application. 
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in which tire faces of tlie two first forms meet. Hence the 
al^rebraic expression of the I^ine of Combination must be 
exactly th.e same for the third form and the first, or the 
third and the second, which is found when calculating the 
liine of Combination for the first and the second form 
among themselves. 

After these preparations, the length of the Line of Com- 
bination EF or EF' must be calculated from the known or 
given dimensions of the two first forms. An expression 
will be obtained for it, finite or infinite, positive or nega- 
tive, in which every single quantity is determined. 

The same line EF or EF^ must also be calculated 
from the dimensions, cither of the first and the third, or of 
the second and the third form. An expression similar to 
that mentioned above will be found, in which every thing 
is known, except what refers to, or is dependent upon, 
the dimensions of the third form, to ascertain whose re- 
lations is the^ object of the inquiry. The two values of 
EF, or EF' being equal to each other, they may be joined 
in an equation to be resolved for one of the unknown quan- 
tities. 

If this equation contains only one unknown quantity, 
the resolution yields its value at once, and by this the 
perfect determination of the third form is obtained. But 
if there are two unknown quantities, the process must be 
repeated, by constructing another equation, for a case in 
wdiich the unknown form which is to be determined com- 
bines in the same way with other known forms ; the second 
equation is procured in the same way as the first. 

Jn the application of this process, we may take advantage 
of many circumstances, which may very often render the 
second equation superfluous ; this, however, is so obvious 
in every particular case, that it will not be necessary here 
to enter upon this subject more at large. 


§. 144 . MAGNITUDE OF THE EDGES OF COMBINATION. 
To a complete knov l^'dge of a combination is also 



OF COMBINATIONS. 


159 


§. 144 . 

required t!ie knowledge of the angles <it which the 
faces of different forms intersect each other, or of 
the edges of combination. 

In every particular caje, the magnitude of the edges of 
combination may easily be calculated from the dimensions 
of the simple forms. There is, however, also a general so- 
lution of this problem, effected in every system by the same 
number and kind of equations as those for the Idnc of 
Combination.* Those parts by which the simple forms 
are determined, enter into these equations as variable quan- 
tities, whose real value w found by the developement 
(§. 1 43.). These values being substituted instead of the 
variable quantities, we. obtain trigonometrical functions for 
the Edge of Combination. 

The application of these equations pre-supposes the di- 
mensions of one of the forms to be known. These dimen- 
sions must be found by immediate measurement, whenever 
the form belongs to one of the systems whose dimensions are 
variable. If in a species one of the forms, for instance, the 
fundamental one, is known in respect to its dimensions, no 
new measurement is required for the combinations of this 
species, provided the situation of the edges contain siiili- 
cient data for their developement. Hence it appears that 
we must endeavour to ascertain the dimensions of the fun- 
damental form, with the utmost accuracy, but at the same 
time also that the measurement of different forms of the 
same scries may be useful in correcting each other. This 
subject, however, will be treated of more at large in the 
Elcjncntary Treatise on Crystallography. 

The designation of compound forms must be founded 
upon the relations of the simple forms among each other. 
It will therefore be sufficient to indicate, by their peculiar 
signs, the simple forms, in order to express the combinations 
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which they produce. The signs of the simple forms follow 
each other in the designation of the compound one in a cer. 
tain order, so as to let those precede which refer to forms 
whose faces are more inclined to the axis, and those follow 
whose faces are less inclined or parallel to the same line. 
The signs of two d.*iFerent forms are separated by a full 
stop. The sign of a combination of 11 and ' 11 + 1 will 
therefore be 

11. II + 1. 

An example of the designation of a compound form con- 
taining a greater number of simple ones will be found in 
§. 148. 

From the preceding obserirations it is evident, that the 
designation contains ev'ery thing required for calculating 
the combinations. 


OP THE COMBIEATIONS OF THE DIFFERENT SYSTEMS OF 
CRYSTALLISATION. 

§. 145 . KIIOMBOlIEDnAL COMBIXATIOMS. 

A combination of the rhombohedral system is 
more particularly said to possess a Rhombohedral 
Character^ if each of the simple forms contained in 
it appears only in one position, but with the whole 
number of their faces. 

Hence a combination of rhombohedrons, six-sided pyra- 
mids, and prisms, exhibits a rhombohedral character, if these 
forms are found in only one position, and if those which 
cannot ^sume any other position, as the isosceles six-sided 
pyramid, and the six-sided and the twelve-sided prisms, 
appear with the number of faces peculiar to them. In all 
other cases the combinations receive a particular denomina- 
tion, provided the changes which take place in resjicct to 
the enlargement of son^e j)f their faces, arc not owing to 
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an accidental irregularity (§. 31.). In general, and suppos- 
ing, for the sake of brevity, only one series of rhombo- 
hedrons, the binary combinations of this system are 
'"i. 11 + h. 11 -f n', 

ii. 11 + n. (P + n')»“'» 

iii. 11 -f n.* P + 

iv. (P + n)‘«. (P + n')™', 

V. (P + n)*". P 4- n', 
vi. P 4- n. P 4- n'. 

Some of the most common and remarkable of these com- 
binations may be shortly noticed. 

i. R 4- n. II 4- n'. 

1. Let iF be = n + 1. The two forms are consecutive 
members of the series §.110., and as such in a transverse 
position to each other. The edges of combination which they 
produce are parallel among themselves, and at the same 
time also to the terminal edges of the more; acute rhombolife- 
dron, and to the inclined diagonals of the more obtuse one. 
Kd'umplc^ li 1 (w) and It (P), or It (7^) and It 4- 1 (r) 
in rhoinbohedral Kouplione-spar. Vol. II. Fig. 120. 
We may also argue inversely : when two rhombohe- 
drons join in a transverse position, and produce edges 
of combination of the above mentioned kind, that is to 
say, parallel to each other, parallel to the terminal edges of 
the more acute rhombohedron, and parallel also to the in- 
clined diagonals of the more obtuse rhombohedron, the re- 
lations between the two forms must be the same as those 
between two consecutive members of the series §. 110. 
This is a direct consequence from the denvation o£ those 
forms (§. 108.). 

2. Let n' be = n + 2 r, where r may be any whole 
number. In this case an odd number of members of the 
series §. 110. is wanting between the two combined forms, 
the forms therefore are in a parallel position, and the edges 
of combination produced are horizontaL Example^ R (/^) 
and R 4- 2 (m) in rhoinbohedral Lime-halojde. Vol. II. 
Fig. lir>. A similar result is Iwained from rhombolicdrous 
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belonging to diiferent series (§. 1 10), provided they are in a 
parallel position. Any two rhombohedrons in a parallel 
position intersect each other in horizontal edges, and their 
dimensions therefore cannot be determined solely from a 
combination of this kind. 

The reason why the edges of combination here are ho- 
rizontal is evident, because the horizontal projections being 
supposed equal, those faces of two rhombohedrons in a 
parallel position, which are contiguous to the same apex,* 
must intersect each other in the line GG (§. 143.) ; and 
this line itself is horizontally situated in the upright com- 
bination. 

3. I^et n' be = — oo, II -f n' therefore = K — os. This 
form appears as a face perpendicular to the axis of the 
rhombohedron II 4- n (§. 111.), and the resulting edges of 
combination must evidently be horizontal, whatever value 
n may affect. Example^ It — oc (o) and 11 (P) in rhom- 
bohedral Alqm-haloide. Yol. II. Fig. 111. 

4. Let n' be s= + os. Upon this supposition, 11 + n' 
is =: 11 4- 00 , or a regular six-sided prism, the limit of the se- 
ries of rhombohedrons (§. 111.). The edges of combination 
produced by its alternating faces with tliose of the upper 
apex of R 4- n arc horizontal ; so are the similarly situat- 
ed ones between the rest of its faces and the faces of the 
rhombohedron contiguous to the lower apex; and their 
situation is independent of the dimensions of It + n (2.). 
There are also inclined edges of combination to be found 
here, which depend upon 11 4 n. If we consider the re- 
gular six-sided prism as a rhombohedron of an infinite axis 
(g. 1 1 1.), they are produced by the intersection of those of 
its faces which are contiguous to the lower apex, and 
those ^es of R4- n which are contiguous to the upper apex 


• It would lead us too far to consider more at large the 
intersections of faces contiguous to opposite apices, and 
the edges of combination which the}" produce. A few ex- 
amples contained in the subsequent part of the work, will 
shew their application.'- 
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of the combination, and vice versa. Ex, 11 (P) and H + oo (c) 
in rhomboliedral Lime-haloide. VoL II. Fig. 114. The co- 
sine of the angle at the horizontal edge, is equal to double 
the cosine of the angle at the inclined edge of combination. 

From the horizontal edges of combination between a rhom- 
bohedron and a regular six-sided piism, we may infer that 
the latter is R -f oo and not P -f oo (§. 118.). The demon- 
stration of this depends upon §. 111. 

ii. II -f n. (P -f 

1. Let n^ be n. Upon this supposition the forms be- 
come co-ordinate (§. Hi.). The edges of combination 
which they produce are parallel to the edges of the rhom- 
bohedron, and to the lateral edges of the pyramid, whatever 
be the value of m'. The figure of the faces of the rhom- 
bohedron remains a rhomb, and they appear contiguous to, or 
in the place of the apices of the pyramid. Ex, R (P) ajid 
(P)3 (r), or R (P) and (P)® (y) in rhomboliedral Lime-ha- 
loide. Vol. II. Fig. 116. From the rhombic figure of the 
faces, which is a consequence of the situation of the edges 
of combination, follow the relations of the combinetl forms, 
as is immediately evident from the derivation (§. 112.). 

2. liOt n or n' be = — . oe. One of the forms becomes 
ss R — 00 , and the edges of combination are horizontal 
(i. 3.). 

3. Let n be s 4* 00 ; R + n therefore == R + co. The 
figure which the faces of this prism assume in the combi- 
nation with a pyramid, is that of an irregular tetragon, 
which may be divided by a horizontal line into two isosceles 
triangles. The relative heights of these triangles ^re to 
each other in the ratio of m' — 1 : m' + 1. The more ob- 
tuse triangle is produced by the intersection of the &ces of 
R + 00 with the upper faces of (P + while the more 
acute one results from the intersection of the same faces of 
R + 00 with the lower ones of (P + n')"''. Ex, R 4- oo (r) 
and (P)* (y) in rhombohedral Lime-haloide. Vol. II. 
Fig. 116. The figure of the /aces of the regular six-sided 
prism c at once indicates it t^e R 4 oo, and not P 4 os. 
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4. liCt n' be = n — 1, and m' =3 3. The combination 
is == 11 + n. (P 4- n — 1)®. Under these circumstances, 
the forms are in a transverse position, because 11 4- n — 1, 
the rhombohedron from which the pyramid is derived, is 
itself in a transverse position towards 11 4- n. The faces 
of II 4- n have the situation of the more acute terminal 
edges of the pyramid ; and the edges of combination are pa- 
rallel to each other, to the above mentioned acute terminal 
edges, and to the inclined diagonals of the rhombohedron 
11 — 1 (^f) and (P — 2)^ (/) in rhombohedral Ruby- 
blende. Vol. II. Fig. 126. Inversely from the situation 
of the edges, in which the faces of the two forms meet in 
the given position, we may infer the above mentioned re- 
lation to exist between the two combined forms. 

In order to demonstrate this, let ABXC, Fig. 47-, be 
the principal section of the rhombohedron, irom which the 
pyramid is derived, AX its axis, and M2, half the axis of 
the pyramid f 2CC becomes its acute terminal edge, and at 
the same time the inclined diagonal of the rhombohe- 
dron, whose plane toudies the pyramid in this termi- 
nal edge, if the horizontal projections of the two forms arc 
equal. Let now a =s AX, be the axis of that rhombohe- 
dron, from which the pyramid is derived ; and a' the axis 
of the rhombohedron sought ; it follows in respect to the 
pyramid, that 


ap = 


3 m'.— 
6 


in respect to the rhombohedron, that 

aP = §.a'; 

ay.d on account of the equality of both expressions, that 
3“'— I o _ . 

— — a =» 3* a* 

0 

A 

and a == . 


3m'— .1 


If now we suppose m' =a 3, 

a becomes s a', or a' sa 2. a. 
and n' =^n — 1. 

But, let m'be == 2<,fehc result, obtained in the same 
wav, will be 
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a =s si\ or a' = f . a s 2^ a ; 
and II + 11 = I 11 + n', or that member of the first subor- 
dinate series, which belongs to H + n^ 

Let now m' be = 5 ; we find that 

a = f. a^, ^r a^ = a = 2K a, 
and II + n = J 11 + n' -h 1, or thfit member of the second 
subordinate series, which belongs to It + n' + 1. 

Each of the two co-efiicients, J and that immediately fol- 
lowing I, determines a particular subordinate series, which 
may be distinguished by the name of the first and the second. 
In itself it is quite arbitrary which of their members arc 
considered to be in the nearest relation to members of the 
principal series. But it is very useful to fix upon a cer- 
tain member, and this has been done here by supposing* 
that, when the axis of 11 -f- n of the principal series is = 2^. a, 
that of 11 + n of the first subordinate series is 2". a, 
and that of 11 + n of the second subordinate series 2". a. 
Members of these dimensions are said to belong together, 
or to be co-ordinate (§. 116.). 

5. Let n' be = n — 2 and m' = 6. The sign of the 
combination will be It + n. (P + n — 2)". Under these 
circumstances, the forms are in a parallel position. The 
faces of the rhombohedron appear in the place of the more 
obtuse terminal edges of the pyramid. The edges of combi- 
nation are parallel w ith each other, with the above mentioned 
terminal edges of the pyramid, and wutli the inclined dia- 
gonals of the rhombohedron. E v. 11-1-2 (ni) and (P)* (i/) 
in rhombohedral Lime-haloide. Vol. II. Pig. 116. We 
may infer inversely from this situation of (he edges, that 
the above mentioned relations really take place. 

For, making again use of Fig. 47-, S^B will represent the 
obtuse terminal edge of the pyramid, but at the same 
time also the inclined diagonal of that rhombohedron, 
whose faces touch the more obtuse terminal edges of the 
pyramid, their horizontal projections alw^ays being suppos- 
ed equal. Hence, for the pyramid, wre have 
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for the rhomboliedron 

§. a'; 

therefore 

a a=i ]. a', and a 1 — . 

6 3 m' + 1 

If now we suppose =b 5, 

a becomes a a^ or a' ss 4. a, 
and = n — 2. 


If here we suppose s 3, we find 

a S 3 {. a^; a^ {. a ca 2 ^ a, 
and Xl + n S 3 I R + n' + I 9 the member of the first sub- 
ordinate series belonging to R + n' 4 * 1* 

For m' ss 2 , follows 

a s= f . a' or a' S 3 a 33 }. 2 ^ a, 
and R + n 3 = J R + n^ that member of the second sub- 
ordinate series, which belongs to R + n'. 

6. Let be = n — 2, m' ss 3. The combination is 
. R + n. (P 4* n — 2 ) 3 . The forms are in a parallel position ; 
the more acute terminal edges of the pyramid coincide with 
the terminal edges of the rhombohedron, and the edges 
of combination are parallel as well among themselves as 
also with both the mentioned terminal edges. JEx, li (F) 
and (P — 2)*’ (#) in rhombohedral Ruby-blende. Vol. II. 
Fig. 120. From this situation and position we may in- 
versely conclude, that the given relations really take place 
among the foims. 

For let 21C be the more acute terminal edge of the pyra- 
mid, in which the terminal edge of the rhombohedron is 
situated. AVe shall have for the pyramid 

ar 

6 

for the rhombohedron 


ar « i. a', 

and therefore .TT.j. a = 1 . a'. 

6 ® 

Now m' being ass 3, we obtain 

a ss 1 . a^ or a^ ss 4. a SB 2°. a, 
and 11 4 11 ss R 4- n' + 2. 

If m' is supposed =s 25 ''f}e find 
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a = a', or = 3 . a =5 2 ^ a 

and H 4- n = J It + n' 4- 1- 

The number 5 substituted for m', gives 

a = a^ or a' = 7 * a =s 2 °. a, 
and R 4 n = J 11 4 n' + 2 . 

7* Let n' be z= n — =3 9 , The combination 

R 4 n. (P 4 n — 3)®. The forms are in a transverse posi- 
tion. The more obtuse terminal edges of the pyramid are 
parallel to the terminal edges of the rhombohedron, and at 
the same time also to the edges of combination arising from 
the intersection of their faces. 

Suppose the horizontal projections of the forms to be the 
same ; the terminal edge of the rhombohedron will lie in 
the more obtuse terminal edge of the pyramid. Hence 
for the pyramid we have 


3 m' 4 1 
6 ^ 


for the rhombohedron 


and consequently 


aQ = V a', 

3 m' 4 1 „ 

. a 3 

6 



For m' = 5 this expression gives 

a = a^ or a^ 8. a = 2^. a, 
and R 4 n = R 4 n' 4 3 ; 
for m' = 3, 

a = a ^9 or a^ ss a ss 2^. a^ 

and R 4 n =s J R 4 n' 4 2 ; 
for m' = 2, 

a = f. a', or a' =3 a = |. 
and R 4 n = J R 4 n' 4 1- 


iii. R 4 n. P 4 n'. 

1. For n' = n, the combination is R 4 n. P 4 n. The 
forms are co-ordinate, and the faces of the pyramid appear 
in pairs in the place of the terminal edges of the rhombo- 
hedron. The edges of combination are parallel to these, 
to the alternating terminal^ edges of the .pyramid, and 
among each other. In a conlWnation, which, besides these 
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two forms, contains P -f- oo (4.), the faces of the rhombohe- 
tlron retain their rhombic figure ; and this may be con- 
sidered as a proof of the existence of the above mentioned 
relations. This, hoivevcr, follows immediately from the 
derivation (§. 1170* ^ rhombohe- 

. dral Quartz. Vol. II. Fig. 145. 

2. Let n' be = n + 1. The combination is It + n. 
P + n + 1. The faces of the rhombohedron appear instead 
of the alternating terminal edges of the pyramid, and the 
edges of combination are parallel to each other, to the al- 
ternating terminal edges of the pyramid, and to the inclined 
diagonals of the rhombohedron. Ex. 11 (/*) and P -f 1 (/*) 
in rhombohedral Corundum. Vol. II. Fig. 121. From 
this parallelism again folloivs the equal inclination upon 
the axis of the alternating terminal edges in the pyramid, 
and of the diagonals in the rhombohedron, and from this 
the relations existing among the axes of the two forms. 

3 . 11 or n' sr-. CO produces horizontal edges of combina- 
tion (i. 3.). 

4. liCt n' be = + CO , the combination R + n. P -f oc. 
The regular six-sided prism P + co is the limit of the 
series of isosceles six-sided pyramids (§. 1 1 8.), and its faces 
appear with parallel edges of combination in the place of the 
lateral edges of It 4- n, or the faces of the rhombohedron 
terminate the regular six-sided prism, their figure being that 
of a rhomb. Ex. It + 1 (r) and P + co (.v) in rhombohe- 
dral Emerald-malachite. Vol. II. Fig. 118. This rhombic 
figure of the faces, or the situation of the edges in general, 
afibrds the means of distinguishing a combination of It + n 
and P 4- oo 'from a combination of It 4- n and It d- oo 
(i. 4.). The difference depends upon the position of P + co 
in respect to It 4- n, and P 4- n (§. 118.). 

5. Let n be = 4* co . The combination is It + ii. P 4- n'. 
The faces of It 4- co appear as rhombs in place of the late- 
ral angles of P 4- n'- This figure by itself is a sufticient 
character for distinguishing the prism It + co in this com. 
biiiation from P 4* co • 

8. If 11 and ii' at tWsanic time are = 4- cc, the com- 
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bination therefore 11 + co. P -f os ; the result is an equian- 
gular, and if the faces are of equal extent, it is a regular 
twelve-sided prism ; because the faces of one of the six- 
sided prisms appear under equal inclinations in the place of 
the edges of the other prism, their edges of combination being 
parallel to each other ani to t lie axis. Ex. 11 + oo (e) an^d 
P + 00 (iW) in rhombohedral Fluor-haloide. V oLII. Fig. 141). 
Hence the twelve-sided prism is a compound form, and not 
a simple one. Also this combination depends upon the dif- 
ferent situations of the two prisms. 

iv. (P -f n)y. (P + 

1. Let n' be = n. The combination is (P + n)"*. 
(P -f n)*"'; the forms will be co-ordinate scalene six-sided 
pyramids. The faces of the more acute pyramid are situ- 
ated in the place of the lateral edges of the more obtuse 
one. The edges of combination are parallel to each other and 
to the lateral edges of both the pyramids.. Ex, (P) ’‘ (r) jfhd 
(P)* (^) in rhombohedral Limc-haloide. Vol. II. Fig. 116*. 

on the contrary, the edges assume the mentioned po- 
sition, we may infer that n is =: n', which is exactly what 
follows from tlieir derivation. 

2. Let m' be = m, the combination will be (P + n) ", 
(P -h n')"'. Suppose at the same time the forms to be in a 
parallel position, orn'= 11 + 2 r (i. 2.). Under these cir- 
cumstances, tlie edges of combination which they produce 
become horizontal. For the transverse section of one of 
these pyramids is similar to the transverse section of the 
other (§. 113.), and therefore a plane passing through 
those edges in wliich the faces of the twiT forms mqpt, will 
be perpendicular to their axis. Ex. (P — 2)^ (/) and (P)® (r) 
in rhombohedral Lime-haloide. Vol. II. Fig. 129. This 
situation of the edges cannot take place, if the scalene six- 
sided pyramids are in a transverse position. From such ho- 
rizontal edges, therefore, >ve infer not only the parallel 
position of the two forms, but also that they are derived 
according to the same m, or^that m' is s= m. 

3. The horizontal situatwof those edges is not altered, 
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it’ n or n' should become infinite and i e^jativc, whatever 
may be the value of m and m'. 

4. But let m^ be = m, and n' or n = + oo : the combi- 
nation therefore (P + co)’«. (P + n')'" or (P + n)"'. 
(P + 00 )•" . The edges of combination between those faces 
of the two forms, which are contiguous to the same apex, 
must here likewise be horizontal, because the unequiangu- 
lar twelve-sided prism is the limit of the series of pyramids, 
and as such contains an identical transverse section (§. 1 15.}. 
jB*r.*(P)^ (w) and (P + oo)® (e) in rhombohedral Fluor-ha- 
loide. Vol. II. Fig. 148. The intersections of the faces from 
tw'o different apices, howeveri assume an inclined situation, 
dependent upon the dimensions of the simple forms (i. 4.). 
The inferences drawn in 2. extend also to the present case. 

.*#. In the series of scalene six-sided pyramids, 

... (P -f n)s, (P 4- n -f- 1)% (P 4- n 4- 2)% (P 4- n 4- 1)®... 
the law of progression is evident. Instead of n any whole 
number, positive or negative, may be substituted, and the 
series arbitrarily continued on either side. If now from 
the above mentioned series we select a combination of any 
two subsequent members, as (P 4- n)® and (P 4- n 4- 1)’, 
or (P 4- n 4- 1)^ and (P 4- n 4- 2)*, &c. ; the obtuse ter- 
minal edges of every more obtuse pyramid appear in the 
place of the acute terminal edges of the more acute mem- 
ber, the edges of combination being parallel to each 
other, and to the mentioned terminal edges of the two py- 
ramids. Examples occur in rhombohedral Lime-haloide, 
between (P)’ (r) and (P 4-1)® (^r), &c. 

The sitii.'^tion of the edges is a consequence of the trans- 
verfje ])osition of every two subsequent members of the 
above mentioned series, and of its peculiar property, that 
the more obtuse terminal edge of every lower member is 
inclined to the axis at the same angle as the more acute 
one of the higher member. We have in Fig. 47. 


sin.aBQ = _ — 

V [(3 m + I)». 2»». a* + 36]’ 


sin. Step 


(3 m' — 1) 2”'. a 

_ 1)*. 2®> '. a» + 36] 
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If in the hypothesis of (P + n)^. (P -f ii + 1) we sub- 
stitute in sin. 2LBQ, the number 5 instead of in, and in 
sin. SICP the expression n 4* 1 for n', and 3 for m' ; we 
obtain 

10. 2«. a 


sin. 21BQ = 


V( 16 ^ 


sin. IGLCP =: 


8 . 2 . 


. a«*+ 30) 
2 '\ a 


;^(8*. 4.2*".a« + 30)’ 
two values which are equaL 

If the above mentioned relations take place amon^ the 
consecutive members of the series, the parallelism of the 
edges of combination always must follow. But these re- 
lations are not a necessary consequence of that parallelism, 
and many pyramids really exist and produce in their regular 
positions, parallel edges of this kind ; and yet they are not 
derived from rhombohedrons of the same series at all, or ac- 
cording to other values of m, than those of 2, 3, and 5. This is 
the case in the combinations of (P — 1)® (a)And (5 P— . 1)® (}>) 
in rhombohedral lluby-blende. Vol. II. Fig. 126. In the 
above mentioned series, one datum has been assumed, 
upon which the rest is dependent. If this be changed, the 
consequences also must be altered, without, however, in 
the least affecting the parallelism of the edges of combi- 
nation. Supposing the pyramids to be derived from the 
members of the principal series, we may argue with per- 
fect security, from the parallelism of the edges to the va- 
lues of 111 , and determine the one whenever we know the 
other. Bestrictions of this kind frequently occur in general 
solutions of crystallographic problems. 


V. (P + n)™. P + n'. 

1. Let m be = 5, n' =s n + 3. We have the combina- 
tion (P + n)®. P + n + 3. The faces of the scalene pyra- 
mid meeting in its obtuse terminal edges, appear in the 
place of the alternating terminal edges of the isosceles one. 
The edges of combination are parallel to each other, and to 
the above mentioned termins|l edges of the Uvo forms. For 
on these suppositions the incl^iyktion of the terminal edges of 
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the isosceles pyramid to the axis, is equal to the inclination 
of the more obtuse terminal edges of the scalene pyramid 
to that line. For the latter we have (iv. 5.) 

(3 m -h 1) 2'». a 


V 1(3 m f 1)-*. 22«. a“ + 3(1]’ 


2< a 


sin* 2[BQ = . 
and for the former ‘ 
sin. EBQ = 

2-“. a^ +4)’ 

two values which become equal, if in that for the scalene 
pyramid we substitute 5 instead of m, and in that for the 
isosceles pyramid the expressions, | instead of m, and 
n + 3 instead of n'. Examples occur in (P 2) * and 
P + 1 (/#) of rhombohedral Iron-ore. 

2. liCt m be =£ 3, n^ = 11 4* 2 ; the combination will be 
(P + n)3. P 4- n -f 3. In this case, similar to the pre- 
ceding, the faces of the isosceles pyramid appear in the 
place of the more acute terminal edges of the scalene one ; 
the edges of combination being parallel among each other, 
and to the above mentioned terminal edges, from the same 
reason as in 1., because the inclinations of the terminal 
edges to the axis are equal in these .two pyramids. This 
may be shewn by ellecting the necessary substitutions in 
the values of sin. 2CP, which here takes the place of 
sin. aBQ. 

3. For n or n' = — oo all the edges of combination be- 
come horizontal (i. 3.). 

4. Ijet n' be = 4- The combination isfP 4- n)*“. P + cd. 
The edges of combination are parallel to the lateral edges 
of the pyramids. Ex, (P)® {h) and P + co (w) in rhombo- 
hedral liuby blende. Vol. II. Fig. 12C. The situation of 
the edges distinguishes P + cp from II + oo in ii. 3. 


vi. P 4- n. F + n'. 

1. The edges of combination are always horizontal, what- 
ever may be the value of n or n', even though this be -h co 
or — 00 . E,Vr P 4* 1 (r) and P 4- 2 (6) in rhombohcdral 
Corundum. Vol. II. Fig. .122. 
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§. 146. DI-RHOMBOHEDBAL COMBINATIONS. 

A combination of the rhombohedral system is 
said to possess a Durlwmbohedral Character^ if one 
or more of the simple forms conlained in it appear 
at once in both their positions (§. 108.). 

The rhombohodrons and the scalene six-sided pyramids 
are the only forms of this system which may assume two 
different positions ; for if the position of the other forms is 
supposed to change, their “faces resume the situation they 
had before, or, properly speaking, another face exactly 
takes the place of that which just has been removed from it. 

1. Suppose, therefore, in §. 145. L, n' to be = n, or the 
combination, 11 + n. — 11 -V n. The sign — indicates, that 
the two rhonibohedrons arc in a transverse position to ea^h 
other. The combination assumes the aspect of an isosceles 
six-sided pyramid (§. 35.), which is a simple form, and the 
edges of combination arc parallel to those lines, which, in 
the faces of the single rhombohodrons, join the apices with 
the centres of the lateral edges. This form is now design 
nated by the name of a Di-rhomhohedron^ and its crystallo- 
graphic sign is either as above R + n. — 11 + n, or it is 
2 (R + n). The difference of this form from the isosceles 
six-sided pyramids consists in the position, and in the rela- 
tions existing between their axes and horizontal projec- 
tions. From the di-rhombohedrons the combinations are 
denominated, in which these forms occur., 

IjCt the terminal edge of the rhombohedron be =:»x, that 
of the di-rhombohedron = C, belfig the edge of combina- 
tion ; we obtain the formulae 

cos. X = 3 cos. C + 2, 
cos. C = 

3 

which are useful for finding the dimensions of any di-rhom- 
bohedron from those of its rhombohedron, tuid vice versa. 

In 145. iii. 1., the faces^ the isosceles six-sided py- 



174 TERMINOLOGY. §. 147 . 

ramids are transformed into rhombs, instead of It + n, 
2 (R -f n) enters into the combination. 

2. If in §. 145. iv.y n* is made rs n, and m' s m, the 
combination is (P + n)™. — (P + n)"’ ; the forms are consi- 
dered here in two different positions. The combination as- 
sumes the aspect of a scalene twelve-sulcd Pyramid^ Fig. 51. ; 
the edges of combination are parallel to lines which, in the 
simple pyramids, join the apices with the centres of the la- 
teral edges. A form of this kind receives the name of a 
Di-fyramidy and is designated by (P + n)"™. — (P + n)'« or 
by 2 ((P + n)'«). The di-pyramids form part of the di- 
rhombohcdral forms, and conji.binations, which contain them, 
are likewise considered as di-rhombohedral. 

Di-rhombohcdral combinations occur in rhombohcdral 
Emerald. Vol. II. Fig. 150. 

§. 147 . HEMI-RIIOMBOHEDRAL AND HEMI>DI-RHOM- 
' BqHKDRAL COMBINATIONS. 

A combination of the rhombohedral system is said 
to be Jiemi-rhombohcdral, if only half the number 
of the faces appear of some of the simple forms 
Mrhich it contains. The combination is termed he- 
mi-di-rhambohedraly if one or several of the di-rhoni- 
bohedral forms constituting it, enter with only half 
the number of their faces into the combination. 

It has already been observed (§. 141.), that such combi- 
nations are perfectly symmetrical : hence appearances of 
this kind are by no means in opposition to the symmetry of 
the combinations. 

The rhombohedron itself cannot assume a hemi-rhombo- 
hedral appearance in the same way as other forms of this. 
system, because three faces cannot be distributed symme- 
trically on two different apices. 

If in a scalene six.sided^pyramid we enlarge the alternat- 
ing faces contiguous to of the apices, the symmetry 
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will require us also to enlarge three alternating faces on the 
opposite side ; but the enlarged faces may be either those 
which are parallel to the former, or those which are not 
parallel to them. 

The first process produces a form exactly similar to a 
rhombohedron, if considSred as a geometrical solid, which 
nevertheless cannot be considered as a rhombohedron in 
Crystallography, because in a compound form its faces can 
never assume the position of the faces of a rhombohedron. 
A combination in which one or several such form^ appear, 
is more particularly designated by the expression of a hemi- 
rliombohcdral form of parallel faces. In a combination of 
this kind, particular attention must be given to the situa* 
tion of the faces, in as much as two such forms similar to 
a rhombohedron arise from the resolution of a single pyra- 
mid, whose faces are situated either to the right or to the 
left of a face of the fundamental form, or of any other 
complete form contained in the combination. 

The second process yields two forms, contained under 
irregular trapezoidal faces, which on that account are called 
ihrcc-s\dcd Trapczohcdrotis, They are equal and similar, but 
distinguished from each other by the character of being 
twisted as it were, to the Right or to the I^eft (§. 67. 4.). 
Fig. 53. represents a Right Trapezohedron, which is pro- 
duced by the enlargement of the faces, //, r/, &c. Fig. 1 1, while 
Fig. 64. shews a I^eft one, which is contained under the 
faces 6, 6, &c. of the same pyramid. A combination partly 
or entirely consisting of such forms, is termed a hemi- 
rhombohedral one of inclined facc,^. The contorted aspect of 
the trapezohedrons extends likewise to the's*(^combinations. 

The same process applied to the isosceles six-sided pyra- 
mid, gives in the first case, or by means of the enlargement 
of parallel faces, forms likewise similar to a rhombohedron, 
which yet, for the reasons mentioned above, cannot be con- 
sidered as rhombohedrous. If, however, we enlarge those 
faces, which are not parallel, the result is an isosceles Ihrec^ 
sided Pyramid^ Fig. 52. Thq faces of those rhombohedron- 
like forms, as well as tlioscj^f the three-sided pyramids, 
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keep the situation of those of the isosceles six-sided pyra- 
mid, from which they are derived; and appear as such in 
the combinations ; and this is the character by which they 
may be recognised. The combinations themselves receive 
the same denominations as above. 

The regular six-Slded prism P + eo may assume a hemi- 
rhombohedral aspect, like a finite isosceles six. sided pyra- 
mid. In this case its faces must be symmetrically distri- 
buted in the combination, like those of an equilateral three- 
sided prism in a position which is characteristic and pecu- 
liar to it. 

If the unequiangular twelve-sided prism enters a hemi- 
rhombohedral combination, its faces likewise must be sym- 
metrically distributed, which comp]dses two cases. Ky en- 
larging the alternating faces, it will appear either as a regular 
six-sided prism, diflbrent from 11 + cs and P + co by its 
position ; or by enlarging the alternating pairs of faces, it as- 
sumes the aspect of a six-sided prism, whose alternating 
angles only are equal. 

The rliombohedron itself may produce a hemi-di-rhombo- 
hedral combination, but only one of inclined faces, because 
if the parallel faces of the di-rhombohedron are enlarged, 
the rliombohedron will be reproduced, and the combina- 
tion itself will be simply rhombohedral (§. 145.). The re- 
sult is an isosceles three-sided i)yramid, differing both in 
position and dimensions, from that which may be obtained 
from the isosceles six-sided pyramid. In the same way 
the di-pyramid (§. 146.) also enters into a hemi-di-rhoin- 
bohedral combination, although its halves and fourths may 
appear both as forms of inclined faces, and as forms of pa- 
rallel faces. For if w^ enlarge the alternate faces conti- 
guous to the iipi)er apex of the di-pyramid, and those con- 
tiguous to the lower apex, which are parallel to the former, 
two forms will arise,' which, though exactly similar to iso- 
sceles six-sided pyramids, are yet different from these forms 
in respect to the situation of their faces. Combinations of 
this kind^re said tobe hei^i-di-rliombohedralof parallel faces. 
The characteristic fornF^ thchcmi-di-rhombohedral combi- 
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nations of inclined faces is a six-sided Trapc::ohcdron^ a solid 
contained under twelve equal and similar trapezoidal 
faces. Pairs of them are obtained by enlarging the alter- 
nating faces contiguous to one of the apices, and those of 
the other which are not parallel to them ; they shew, like 
some of the forms considered abore, the differences of 
night and A liight Trapezohedron of this kind is 

representednii rig.57., a Left; one in Fig. 68. The first is 
obtained by enlarging the faces, a ; and a\ &;c. ; the 
second, by enlarging the faces marked 6, h ; and /V, &c. 

The three-sided trapezohedrons, Figs. 68. and 54., are 
obtained by enlarging all tljose faces of the six-sided ones 
which are marked //, Ac- or 6, Ac. in Fig. 51. ; but if 
we enlarge the faces «, Ac. or 6, &, Ac. contiguous to the 
upper apex, and the faces Ac. or 6', //, Ac. conti- 

guous to the lower apex, forms wull result, like Fig. 55. 
and Fig. 5C., and Avhich are* right and left trapezohedrons 
like the formei*, but which contain faces, of tlie scalene 
six-sided py ramids in both, positions. The situation of 
these faces determines their existence in the combinations. 

In order to re-obtain the simple forms from a di-pyramid, 
it is necessary to enlarge the alternating pairs of faces, 
a and or those which meet in the obtuse terminal edges 
of the six-sided pyramid from the upper apex, and the al- 
ternating ones, a and h from the lower apex. If, on the 
contrary, we enlarge those on the lower apex which pro- 
duce with the former horizontal edges of combination 
like of and b\ the result will be scalene six-sided py- 
ramids, whose bases are hexagons of alternately equal 
angles, similar to the figure produced by a section perpen- 
dicular to the axis which does nottintersect the lateral edges. 
Simple minerals may assume this form, although they have 
as yet not been found in nature ; but they are very com- 
mon in compound minerals, and* as such they will be the 
subject of farther investigations. 

Hemi-rhombohedral and hemi-di-rhombohedral combina- 
tions occur in rhombohedval Wuor-haloide, aiid in vhombo- 
hedral Quartz. 

VOL. l. M 
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The mode in which the rhomholiedroiis tliemselvcs, and 
the limits of their series, produce hemi-rhombohedral com- 
binations, is particularly remarkable, and very distinct from 
what we have seen till now'. Here all the faces belonging 
to one apex enter into the combination, whilst all those con- 
tiguous to the opposite apex disappear. The results are 
combinations of a dissimilar configuration in their opposite 
terminations. The crystallisations of rliombohedrarrourma- 
liiie give the most generally known examples of this pecu- 
liarity, w'hich, how'ever, is likewise frequently met w’ith 
ill rhombohedral lluby-blendc. It is evident that the six- 
sided prism 11 4* os, if subject to this modification, w'ill 
only shew half the number of its faces ; and that the 
three-sided prism occurring in these two species, can only be 
explained upon the supposition, that it is a rhombohedron 
of an infinite axis, three faces of which belong to one of 
the apices of the combination, and are enlarged, while those 
belonging to the other ajiex disappear. 

The designation of hemi-rhombohedral and hemi-di-rliom- 
bohedral forms, depends upon the same principle as that 
of the halves in the tessular system (§. 12!) — 111!).). The 
number 2 is added to the sign of the entire, simple form, 
as a divisor ; and by the signs + and — , or r and 1, is in- 
dicated the parallel and the transverse position, or the dif- 
ference between right and left. 

The following signs refer to the figures 51 — 58, com- 
prehending the different forms of a di-rhombohedral, hemi- 
rhombohedral, or hemi-di-rhombohedral character ; 


^ 2((P-f n)«^)Fig. 51.; 

JL Ltii.or 1 Lti!, or ± Fig. 52., 

r 2 1 2 2 h ' 

Fig. 63. ; 1 Fig. 54. ; 

r 2 12 b ’ 


Fig. 55. ; ±i 
^ 2 


Fig. 50.; 


+ r (P + n)" ' 
r 2 

Fig..57., i Fig. 5«. 
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§. 148 . DEVELOPEMENT OF RIIOMBOHEDRAI. AND 
DI-RIIOMBOUEDRAL COMBINATIONS. 

The developement of the combinations containing 
three or more simple fo/ms, is founded upon the 
knowledge of binary combinations. 

A few examples will be the best means of instructing 
the beginner how to proceed in similar cases. The example 
chosen for rhombohedral combinations, shews at once the 
sufficiency of the few particular cases mentioned in §. 145. 
—147. of binary combinations for the developement of such 
as consist of a greater number of simple forms. 

The 5()th figure represents a rhombohedral combination 
(§. 145.), consisting of four rhombohedrons, two scalene six* 
sided pyramids, and a regular six-sided prism. Its inde- 
terminate designation is 

11 + n. 11 -f R + n II + if”. (P 

a c e d h 

(P 4- nv)m'. R 4- CO . 

/ 

The only form immediately determined in this combina- 
tion, is R 4- 50 - The edges of combination between the 
faces of this form and those of the rhombohedrons R 4- if”, 
R 4- n” and R 4- n are horizontal (§. 145. i. 4.), whereas 
P 4- 00 , if it were contained in the comhiyation, would 
produce edges of combination parallel to tlie lateral or 
terminal edges of these rhombohedrons (§. 145. iii. 4.). 

Among the rhombohedrons, one must be selected and 
fixed upon as the fundamental form, and the letter n in 
its sign therefore, must be made = 0. The figure repre- 
sents a crystal of rhombohedral Lime-lialoide, Avhich mine- 
ral is cleavable (§. 162.), parallel to the faces of the rhom- 
bohedron here designated by R + if = According 

to this we determine the rhoAboliedrou 11 -f n' to be tlie 
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fundamental form, and consequently n' to be = 0, and 
11 4* n' = U. The position of 11 is considered as the nor- 
mal position. 

The rhombohedron II + n is in a transverse position to- 
wards E. ; and since the edges of combination between 11, 
(P + and 11 H- n are parallel to the terminal edges of 

II and to the inclined diagonals of II -f ii, those between 
II and R + n will assume the same situation, if the faces 
of (P + n*^)™ disappear. Hence the two forms are in 
the* relation of II + n : R -f n — 1 (§. 145. i. 1.) ; or, for 
n = 0, in that of R : R — 1. Consequently ii is = — I 
and II 4- n = R — 1. 

Suppose the faces of II and those of R + n*^ to be en- 
larged till they intersect each other.* 11 4- n'^ is in the 
same position towards R as II — 1 ; the two forms will 
produce edges of combination parallel to the inclined dia- 
gonals of II, and consequently to the terminal edges of 
R 4- The forms 11 + n*'' and 11 are again in the 

ratio of R H- n and 11 4- n — 1 (§. 145. i. 1.). And since 
for R, the expression n — 1 is = 0, n*^ for R + n*^ will 
be = 1, and R -f n*^ = R 4- 1. 

The three rhombohedrons 11 — 1, R and R + 1 are 
consecutive members of one and the same scries. 

The edges of combination between (P 4 - n' )'«' and 11 arc 
parallel to the terminal or to the lateral edges of R, and to 
the lateral edges of (P 4- n^)’"' ; the scalene six-sided pyramid 
belongs to the rhombohedron (§. 145. ii. 1.). In (P 4- n' )*"' 
therefore 11'’ is = 0, and the pyramid itself = (P)'"'. 

The rh^bohedron R + 1 is in a transverse position to- 
w^ards this pyramid, which is itself parallel to R, and the 
faces of 11 + 1 take away the more acute terminal edges of 
(l>)m' with parallel edges of combination. The relation of 
the forms is therefore as in §. 145. ii. 4. ; and we have 


• The ‘faces of R maf easily be enlarged by clcavjigc, 

(§• 162 .). -s' ^ • 
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and hence m' = 3. The pyramid accordingly will be per- 
fectly designated by the crystallographic sign (P)®. 

The more obtuse pyramid produces with (P)® horizontal 
edges of combination, m is therefore = m' = 3 (§. 145. 
iv. 2.); and (P + n*v)*n 4. niv)3. 

But the faces of 11 — 1 appear with parallel edges of. 
combination, in the place of the more acute terminal edges 
of this pyramid. If, therefore, a' be the axis of the rhom- 
bohedron to which the pyramid belongs, whilst a is the 
axis of li, we have from §. 145. ii. 4., 

= A. 

6 ‘ • 3*2’ 

from which follows 

a' == i. a = 2 — 2. a ; 

n*v is therefore = — 2, and (P + = (P — . 2)». 

The edges of combination between the pyramid just now 
determined and the rhombohedron 11 + 11“ are parallel tj 
the more obtuse terminal cd?res of the former, and to the 
terminal or lateral edges of the latter. The two forms 
rank under the head of g. 145. ii. 7* 

Let a' be the axis of the rhombohedron 11 -f n". We 
have 


and accordingly, 

a' = J. a = -J. 2®. a 

11" is therefore = 0 ; but the rhombohedron belongs to the 
first subordinate series, and II + n" is = | R. 

If now we write down the signs of the fo'”«s as we have 
found them in the devclopement in their regular dVder ; 
we obtain the crystallographic designation of the combina- 
tion, disposed according to the different angles which per- 
pendicular lines drawn upon the faces produce with the axis, 

11 — 1. (P — 2)3. R. f R. 11 + 1. (P)3. R 4 . 05. 

a h c d e f g 

The COth figure represents ^*di-rhoinbohedral coinbina- 
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lion of rhombohcdral Emerald, designated indeterminately 
thus : 

K — 00 . P + 11 . P -h n*. 2 (U + n»'). P + oo. 

a h d ^ c c 

Here 11 — oo (<x) and P + oo (c) the limits of the series of 
isosceles six-sided pyramids are immediately determined. 
The only rhombohedron which it contains is 11 -h n“ (c). 
It Is present in both positions ; the combination therefore 
assumes a dirrhombohcdral character (§. 14(5.). If this 
rhombohedron be considered as the fundamental form, the 
value of n“ will be = 0, and 2 (11 -h n“) therefore = 2 (U). 

The faces of P + n (b) if duly enlarged, appear as 
rhombs in the place of the apices of the di-rhombohedron ; 
the faces of the latter likewise would be rhombs, were they 
not intersected by the faces of other forms. Hence n is 
also = 0, or the pyramid P -f n, and the di-rhombohedron 
2 (11) are co-ordinate forms (§. 140. 1. ; and §. 145. iii. 1.}. 
P + n therefore is = P. 

The faces of the di-rhombohedron appear with parallel 
edges of combination in the place of the terminal . edges of 
P -f n* (d). The relations of the pyramid and the rhom- 
bohedron will therefore be those considered in §. 145. iii. 2. 
From these it follows that n' is = n*‘ +1 =0+1 = 1, 
The pyramid will be = P + 1. 

The determined designation of the developed di-rhombo- 
hcdral combination is therefore ; 

R — oc. P. 2 (II). P + 1. P + 00 . 
abed c 

These developements, as represented by the signs, con- 
tain every thing required for calculations referring to the 
compound forms ; since the designation contains all those 
determined definite values of m and n, which must be sub- 
stituted m the general equations referred to in §. 144. 

The developcment ol^lhe combinations is peculiarly ap- 
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piicablc, it' it is not limited to tlic forms of a single in- 
dividual, but if it refers to all the crystalline varieties 
knov/n in a natural-historical species. It will be treat- 
e<l of more at large than the proposed limits of this work 
Avould allow, in a particular work on Crystallography. 
In general, those simple forms whirfi are known from one 
developed combination, become the foundation of every 
farther developement ; and this method of proceeding is 
also used in compound forms of a single individual, if some 
of its forms can be identified with others, which have been 
developed in other crystalline varieties of the same species. 

§. 149 . PYRAMIDAL COMBINATIONS. 

A conibiiuition of the pyramidal system is more 
particularly said to possess a Pyramidal character^ 
if the simple forms contained in it appear with the 
full number of their faces in their pdculiar position. 

'The binary combinations of this system, under the same 
restrictions as to subordinate series as in §. 145., are in 
general 

i. P 4- n. P + n', 

ii. P 4- n. (P 4- »')"•, 

iii. (P 4- n)'^. (P 4- n')'«'. 

i. P 4- n. P 4- if. 

1. liCt n he = u + 1. Under these eircumstances, the 
forms will be eonsecutive members of tl.S series g. 101. 
As such, they are in a diagonal i»osition, and the edges of 
combination which they produce, must be parallel among 
each other, hut at the same time they must bo parallel also 
to the terminal edges of the more acute pyramid, and to 
those lines in the faces of the more obtuse one, which may 
he draAvn perpendicularly from the apices to the lateral 
edges. /vr. — 1 (/) aii^J P (7*) in jiyramidal i^ircon. 
A’^ol. II. Uig. Of). Invcrselj^from the desfrihed situation 
of the edges follow the above mentioned relations of the tivo 
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forms among each other; which is immediately evident 
from the derivation. 

2. J.et n' be = 11 i 2 r. The forms are in a parallel posi- 
tion. The edges of combination tliereforc will be horizon- 
tal. Kv, V (f) and P -f 2 (6) in pyramidal Garnet. Yol. II. 
Fig. 96*. They retain this situation, even though the com- 
bined forms belong to different series, and their relative di- 
mensions therefore in such a combination remain undeter- 
mined. Tlie reason why the faces of all parallel pyramids in- 
tersect each other in liorizoiital edges, consists in the pa- 
rallel situation of their respective lateral edges, or of the 
sides of their horizontal projections. 

3. Ixt n or n' be = — cc. One of the forms under 
these circumstances appears as a face j)erpendiciilar to the 
axis of the other ; and the edges of combination, inde- 
pendently of the dimensions of the forms, must be horizon- 
tal, as is evident from 2. P — co (r/) and-i-^^ P — 3 (/>) 
in pyramidal LiOad-baryte. Yol. II. I'ig. 92. 

4. liCt n or n' be = + cc ; one of the forms becomes a re- 
gular four-sided prism. In a parallel position, the edges in 
which the faces of the two forms meet, must be parallel to 
the lateral edges of the finite form, and therefore horizon- 
tal (2). P (F) and P + cc (/), or P + 1 (v) and [ P 4- oo ] (.if) 
in pyramidal Tin-ore. Yol. II. Fig. 102. In a diago- 
nal position they are parallel to the rhombic principal sec- 
tion (§. 53. 2.) of the fin'te member, and their situation 
depends bn its dimeMs'oii'?. U.v, P + 1 (js) and P -f co (/) 
in pyramidal Tin-ore. Yol. 1 1. Fig. 102. If the faces of 
the prism not intersect eacli other, they appear as 
rhombs. The combinations P — co. P + os, and P — co. 
IF + CO], are right rectangular four-sided prisms. 

5. If both n and n' are = + co, and the forms in a <lia- 
gonal position, the faces of one of the prisms appear in the 
place of the edges of the other; their combination prodiucs 
an e(|uiangular, and if the faces are of equal extent, a re- 
gular eight-sided prism, /i.r. P -f cc (/) and [P + “J C*) 
in pyraiiiitlirf Tin-ore. VoL'^II. Fig. 102. 
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ii. V + n. (P + iF) 

1. Let n' be 1= n. Thc'forms in this case are co-ordinate, 
and as such, in a parallel position. The faces ol‘ the four- 
sided pyramid appear in the place of the apices of the eight- 
sided one as rhombs, their edges of combination being 
2 )arallel to the terminal edges of Che four-sided pyramid. 
Kv. P (<•) and (P)^ (^r), or P (c) and (P)** (.r) in jiyramidal 
Garnet. Vol. II. Fig. 96*. The situation of the edges 
produced between the two forms, is independent of m', but 
in the parallel position already mentioned, it ecii/ally re- 
quires the above relation of the forms, whatever may be 
the value of m. 

If the forms are in a diagonal position, and therefore not 
co-ordinate ones, there exists lor every scalene eight-sided 
pyramid a i)articular four-sided pyramid, whose faces 
appear as rhombs in the place of the apices of the former. 
Kv. P_ 1 (o) and (P — 2)« (rr), or 1^ (/") and (P— 1)« f^;r) 
in pyramidal Garnet. Vol. 11. Fig. 90. In these combina- 
tions the rhombic figure of the faces of the isosceles four- 
sided pyramids depends on a certain relation of in', n' 
and n, which is expressed in the equation : 

n — ii' + 1 

111' =-- 2 ^ -f 1. 

This equation is very u.^cful, from two of tliese quantities 
being known, to Ihid the value of the third. 

2. Let 11 or n' be = — co*. One of the forms becomes 
= P — c:, and as a face perpendicular to the axis, it jiro- 
diices liorizoiitul edges of comliinatioii (i. 

3. Let 11 be = cc. The pyramid P +^n in this case 
appears as a rectangular four-sided prism. In eithej: posi- 
tion its faces assume a rhombic ligure, by their intersec- 
tion w'ith those faces which form the lateral solid angles of 
the pyramid. In the parallel position the angles of those 
rhombs, and therefore the situation of the edges of combi- 
nation are altogether dependent on in', and dillerent in 
diilerent pyramids. In the diagonal position, however, 
these angles and edges of c5inbination do pot depend on 
in', since the angles arc equajpto the angles of the rhombic 
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principal section, aiul the edges of combination consequent- 
ly parallel to the alternating terminal cc.ges of that isosce- 
les four-sided pyramid, from which the scalene eight-sided 
]»yramid is derived, or to which it belongs. Examples of 
both cases are contained in pyramidal Zircon, Vol. II. 
Fig. 9J). The scalene eight-sided j)yraniids (P) '* U% (P)’* (//) 
and (P)" (^r) are in a parallel position with P + os (/), hut 
they are in a diagonal position wdth [P -f »] (•'). 

If, therefore, tlie edges of combination produced by a 
scalene eight-sided pyramid and an isosceles four>sided one, 
in a parallel position, are found to be parallel to those 
edges v.'hich are produced byihe same eight-sided pyramid, 
anil a rectangular four-sided prism in a diagonal position ; 
it follows that the isosceles four-sided pyramid and the 
eight-sided pyramid must be co-ordinate forms. 

4. l^et n' be = 11 — 2, and m' = The combination 
will he P + n. (P + 11 — 2)», and the forms in a pa- 
rallel [losition-i The faces of the four-sided pyramid ap- 
pear in the place of the more acute terminal edges of the 
eight-sided pyramid ; the edges of combination being pa- 
rallel among themselves, to the above-mentioned terminal 
edges of the eight-sided pyramid, and to those lines in the 
four-sided pyramid, which, from its apices, can he drawn 
perpeiulicularly to its lateral edges. Examples occur in 
pyramidal Zircon, of (P)^ and P + 2. 

Suppose A'>r, P'ig. CD., to be half the axis, A'C the 
more ac\»te terminal edge of the eight-sided pyramid. If 
be made equal to half the side of the Jiorlzonial pro- 
jection, MX becomes half the axis, A'C the iihove-mciitioii- 
ed'perjjcndicular line upon the face of the four-sided ])yra- 
mid ; and consequently, supposing MD, Jialf the side of 
tlje horizontal projection = we have 

MA =i 2*. a = 2®. a. 

2 

If, according to the supposition, m' be = .3, the values 
of n and n' will follow thus: 

1 n = n' + 2, ftinl n' =r= n — 2. 

ilut if wc substitute lf,3iiistcad nf nV, we obtain 
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n' , n' ''i±± 

2* 1 = ^ 2® = 3.2'. 2“ = 5. 2 , 

And P + n = ^ 1' + n' 4- 2, or that mciiiber of the second 
subordinate scries (§. 10?.), which belongs to P + n' + 2. 

F or in' = 5, tl.e result is 

n n' t 1 ■>'* "'+^ 

2® = 3. 2’ -2-—. 2®. 2’ = -J5_. 2 ; 

VV 

and 1* 4- n = P + + 3, that member of the lirst 

subordinate series (§. 1070i which belongs to 1* + 3. 

5. Let n' be = n — 3, m' = 4. The combination is 
P -f n. (P 4- n — 3)^ under these circumstances, the 
forms will be in a diagonal position. 4* he faces of the 
four-sided pyramids appear in the more obtuse terminal 
edges of the eight-sided ones. The edges of combination 
are parallel to these, to the perpendicular lines upon the 
faces of the four-sided pyramid, and among each other. 

Suppose, Fig. 70., MA' to be half the axis of the eiglit- 
sided pyramid, and A'B its more obtuse terminal edge. If 
now BiM is half the side of the horizontal projection, we 
have in JNIA' half the axis, and in A'B the perpendicular line 
upon the face of the four-sided jiyramid ; and consequent- 
ly, if half the side of the horizontal projection MD is sup- 
posed = A, MA will be 
n 

= 2 a = m'. 2 . a. 

But we have ni' = 4 ; therefore 

n = n' 4- 3, and n' = n — 3. 

If in' he = 3, it will follow that 

iC— 1 1 .1 *• 

2^ — 3. 2 ^ . 2^. 2 ~ — • 2 ’ 

and thus P 4- n becomes P + + 2, or that mem- 
ber of the first subordinate series, which belongs to 

P 4- n' + 2. 

ni' = 5 makes 

„ n'— ^ ^ n'4-^ 

2- = 5.2 ‘i = 2 2 = 5.,2 ^ . 

r 4- n therefore becomes P 4- n' 4- 3, which is that 
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iiicnibcr of the second subordinate series* which belongs to 
P + n' 4- 3. 

6. Let n' be == n — 3, m' = 3, the combination there- 
fore P + n. (P + n — 3)3. The forms again arc in a dia- 
gonal position, and the more acute terminal edges of the 
• eight-sided pyramid, 'therefore, ijjiill into ithe same vertical 
plane, which passes through the terminal edges of the four- 
sided pyramid. The edges of combination, arising between 
the faces of the two forms, become parallel among them- 
selves, and to the above-mentioned terminal edges of the 
pyramids. jKo:. P + 2 (b) and (P — 1)* (^) or P + 4 (r) 
and (P -h 1)® (0 in pyramidal <5 arnet. Vol. II.^Fig. 96. 

For, the rest being as in the other example, let A'C, 
Fig. 69., represent the terminal edge of the four-sided py- 
ramid : it will follow that 


MA = 2 5. a = 


11^4- 1 
2 


2 . 


a. 


If now, accoi^ding to the supposition, be ss 3 ; we 
have 

n == n' 4- 3, and n' = n — 3. 

But if m' is = 4 ; P + n becomes = J P -f n' + 3, or 
that member of the second subordinate series, which be- 
longs to P + n' 4- 3 ; if in' is = 5, the pyramid becomes 

— — P 4- n' 4- 4, or that member of the first subordinate 

2 \' 2 

series, which belongs to P + n'4' 4. 

7* Let n,' be = n — 4, m' = 4, or the combination 
P + 11 . (P 4- n — 4)^. The forms are in a parallel posi- 
tion ; the more obtuse terminal edges of the eight-sided 
pyramid coincide with the terminal edges of tlie four-sided 
pyramid. In this situation of the faces, the edges of com- 
bination between the two forms are parallel to each otlier, 
and to both the mentioned terminal edges. E.v. P 4- 4 (r) 
and (P)^ (x) in pyramidal Garnet. Vol. II. Fig. 96- 
For we have 


MA = 2 aJ= m'. 2 . a, 
from which; 4 being substHuted for in', we obtain 
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ij = n' + 4, or n' = n — 4 ; 

m' = 3 ffivesl P + n = — ~V + n' + 3, the member of 

a V ‘2 ^ 

the first subordinate series belonging to P + n' + 3 ; 
m = «'i gives P -h n = J P -f n' -f 4, or that member of 
the second subordinate aeries which belongs to P + if -f- 4. 

iii. (P -f n)’". (P 4- n')-*''. 

1. IjCt if be = n. The combination is (P -h n)'". 
(P 4- n)'"'; the forms are co-ordinate pyramids, and as 
such in a parallel position. The situation of the eilges in 
which the faces of the two p^’^ramids intersect each other, 
do not depend upon m or m' (ii. 1.). The situation of the 
edges produced between any one of those pyramids, and the 
four-sided one from which they are derived, is such that 
the faces of ‘ the latter become rhombs, or the edges of 
combination are parallel to their terminal edges. The 
edges of combination between two such co-ordinate scalv?nc 
eight-sided pyramids, will therefore likewise be parallel to 
the edges of that isosceles four-sided pyramid to which 
they belong ; and if more than tw'o appear in one and the 
same compound form, the above mentioned parallelism will 
be observable in the edges of combination between them all. 
E.v. The pyramids .r, ;v, and ;r, already mentioned in pyra- 
midal Zircon. Vol. II. Fig. 95). From the observed pa- 
rallelism, wc may decide inversely whether the iiyramids 
are co-ordinate forms or not, and whether or not they are 
derived from that isosceles four-sided pyramid, with w'hicli 
they enter into combination. 

2. liCt m be == m'. The combination w^fl be (P 4- n) ". 
(P 4- n') If, moreover, the forms are in a parallel position, 
the edges produced by the intersection of their faces be- 
come horizontal. E.v. (P — I)'* (;^) and (P -h I)"* (c) in 
pyramidal Clarnet. Vol. II. Fig. 90. The transverse sec- 
tions of the twm forms arc similar to each other, since these 
forms are members of one and the same series (§. 105.). 
The observations in respect ,Jo scalene six-sided pyramids 
in §. 145. iv. 2. extend Ukewi ^9 to this case.* 

3. If one of the combined forms, hy i\ becoming = i. so 
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is cliangcd cillier into an uncquiangular!,eiglit-skleil prism, 
or into a plane perpendicular to the axit , the situation of 
the edges in 2. remains nevertheless unchanged, provided 
in the case of the prism, the position still remains the 
parallel one and m = in'. Ex, of the l^tter, (P -|- 1)-^ (#;) 
and l(P + Co)-*] {/) in pyramidalCTarnet. VoLII. Fig. 96. 

4. There exists in the pyramidal system, a series of sca- 
lene eight-sided pyramids analogous to that of the scalene six- 
sided pyramids in the rhombohedral system (§. 145. iv. 4.). 
Its members succeed each other in the following order : 

... (P 4- n)^ (P 4- n + 1)S (P 4- n +2)^ (P + n4- 1)« ... 
in which the consecutive meipbers assume a diagonal posi- 
tion towards each other. Ex. (P)-* (r) and (P + I)** (t) in 
pyramidal Garnet. Vol. II. Fig. 96. The edges of combi, 
nation between the faces of every two subsequent pyramids 
are parallel to each other, to the more obtuse terminal edges 
of the lower, and to the inorb acute terminal eciges of the 
higher member in the scries. The demonstration of this 
property depends upon the same suppositions as in the six- 
sided pyramids. 

i.et A'15, Fig. 70., represent the more obtuse terminal 
edges of (P 4 n) ; we find the algebraic expression of 

II 

. * /TiAT' a 

sin A'BjI 

(m-. 2". a- 4- 2) 

If in the same way we suppose A'C, Fig. 69., to be the 
more acute terminal edge of (P + n')"*' ; a similar algebraic 


expression will give 


ski A'CM = 

V l(m' + 1)^ 2"'. a2 ,+ 4] 

These two expressions become equal, if in the first wo 
substitute 5 for m, and in the second n 4 1 for n', and 4 
for in'. Thc}^ again become equal if in the first we suppose 
m = 4 ; in the second n' = n 4- 1 and m' = 3 : and again 
for m = 3 in the first, and n' = n — 1, and m' = 5 in the 
second expression. For the rest, the remarks of §. 1 45. i v. 5. 
find here equally their ful\ application. 



OF tOMJJJXATIONS. 


191 


150. 

§. 150 . -PYKAMUJAL COMIUNATroXS. 

A combination of the pyramidal system possesses 
a Hemi^iiyramidal Character^ if one or more of tlie 
simple forms contained. in it, appear with only half 
the number of their faces. 

The isosceles four-sided pyramid may ho resolved into 
halves, like the octahedron (§. 120.). The result is a pair 
of forms contained under four equal and similar isosceles tri- 
angles, I’ipfs. (>1. C2., the first being produced from the isosce- 
les four-sided pyramid, Fig.'8.,by the enlargement of thcfaces 
a and //, the second hy the enlargement of b and ft. None 
of their faces arc parallel to each other. This form is ana- 
logous to tlie tetrahedron. A combination, containing one 
or several forms of this kind, is termed a licmi-jivramidal 
comhination of incJhtcd faces. If we enlarge parallel faces, ^lo 
finite forms can be obtained ; and this seems to be the reason 
why hem i -pyramidal forms thus possessing parallel liices 
have not yet been found in nature. 

The scalene eight-sided pyramid, if resolved by enlarg- 
ing its alternate faces, gives forms contained under eight 
irregular trapezoidal laces. Figs. (k’l. 04., which on that ac- 
count receive the denomination of four-sidrd Trtq)c:::ohcdrous. 
'riiose forms agree exactly with the six-sided trapezohedrons 
obtained by the same mode of resolution from tlie di-pyra- 
mid, §. 140., except in the number of their faces. The two 
forms thus produced from the eight-sided pyramid, arc also 
distinguished from each other by the diirorcncc of Right and 
Left, as the forms of the rliombohedral system already 
mentioned. Fig. 03. represents a right four-sided Trape- 
zoliedron, produced from the eight-sided pyramid, Fig. 12., 
by the enlargement of the faces r?, while Fig. 04. is the 
left one which arises from the enlargement of ft and ft. 

Ry enlarging parallel faces we obtain two forms absolute- 
ly similar to isosceles four-sided pyramids, except in their 
position, since the faces of such hcmi-jiyrainidal forms are 
always situated like the facos-x)f that eight-sided pyramid, 
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whose halves they arc. Combinations, ,M'tto which forms of 
this kind enter, are termed henii-pyra .lidal combinations 
of parallel faces, 

lint a scalene eight-sided pyramid may also be resolved 
according to the process, applied in §. 14C. to the di-py ramid, 
for reproducing the simple forms which it contains. This 
is effected by enlarging the alternate pairs of faces which 
meet in the acute terminal edges of the one, and those of the 
other apex which arc not contiguous to them. The result- 
ing forms are contained under eight equal and similar sca- 
lene triangles, all their faces being inclined to one another, 
Figs. 6t>. Cd. ; hence they likewise change those pyramidal 
combinations in which they are contained, into hemi-pyra- 
midal ones of inclined faces. These forms are in respect to 
the eight-sided pyramids, what the forms analogous to the 
tetrahedron considered above are to the four-sided pyra- 
mids, and occur along with them in the same combinations. 

Hemi-pyramidal combinations of parallel faces occur in 
pyramidal Scheelium-baryte, and hemi-pyramidal combina- 
tions of inclined faces in pyramidal Copper-pyrites. No ex- 
ample has yet been found in nature of di-pyramidal combi- 
nations, or such as v/ould contain one and the same form of 
the pyramidal system in two dilferent positions ; nor have 
we any reason to suspect their existence, because no ra- 
tional number of derivation can produce from any jiyrami- 
dal form, another diagonally situated, and equal and similar 
to that pyramidal form. 

Hemi-pyramidal forms, like the hemi-rhombohedral ones, 
are designated by adding the divisor 2 to the crystallogra- 
phic signs of the entire forms. The situation of those faces 
which occur in the combination, are moreover indicated by 
the signs + and — , or r and 1. 

The following signs refer to the figures 61 — 66 : 


+ ^ Fig. Cl. ; _ Fig. 62. ; 


r 

r 


(P + Fig. 63.; 


1 (P-hn)*" 

r 2 


Fig. 64. ; 
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§. 151. oy COMIJTXATIONS. 

§. 151. develIdperekt of pyramidal COai;BI- 

NATIONS. 

The following developcmcnts will shew how the 
knowledge of binary combinatigns relative to the 
pyramidal system in §. 149., is to be applied in 
particular cases. 

Fi^. Gj. represents a pyramidal combination, \vlM)se un- 
determined designation is 

r 4- n. P + n*. (P + n")-. P 4- oo. [P 4- «]; 

a b c d e 

First of all, the more obtuse of the two four-sided pyra- 
mids, or P 4- n (t<), is supposed to be the fundamental Ibrni. 
'J'hc value of n will therefore be = 0, and P 4- n = P. 
This determination must precede that of the vertical prisms, 
which, however, is now very easily effected ; the prism (/, 
or that whose intersections with P are horizontal, being 
P 4- CO, whilst r, the other prism, is [P -|- co], and produces 
intersections with the faces of- 1*, which are parallel to the 
terminal edges of this form (§. 1 11). i. 4.). 

'Pile edges of combination between P and P 4- n* (?>), are 
parallel among themselves, but at the same time also to 
the perpendicular lines drawn upon the faces of the former, 
and to the terminal edges of the latter jiyramid. The 
forms are in a diagonal position to each other ; and they 
are therefore in the relation of P 4- n and i'+ n 4- 1 ; and 
since ii == 0, P 4- n* will be = P 4- 1, as follows immediate- 
ly from the derivation. 

The scalene eight-sided pyramid c belongs to P ; for it is 
in a parallel position wdth it, and the faces of the four-sided 
pyramid appear as rhombs in the place of the apices of the 
eight-sided pyramid (§. 141). ii. 1.). For n" = 0, (P 4- n")"' 
becomes = (P)"'« 

P 4- 1 is in a diagonal positRMi with (P)’" ;^its faces, how- 

VOL. 1. X 
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ever, likewise appear as rhombs in the tombination, for the 
edges between the two forms arc par.lllel to the terminal 
edges of P -H 1. From the equation given in g. 149., we 
have 

1 — 0 + I 

ni = 2 * -r 1 = 2 + 1 = 3, and (V)’" == (P)='. 

The perfectly determined designation of the developed 
compound form, is therefore 

r. P H- 1. (Py. P + CO. [P + cs}. 

bed e. 

The indeterminate designation of the compound form, re- 
presented in Fig. G9., is 

P + n. P + n*. (P + n»)"’- 1' -1* 11* + «]. 

a f c d e 

If we compare the present combination with the pre- 
ceding one, we find a perfect identity between the Ibrnis 
P -p n and P, and between the forms (P -f n")’" and (P)-*, 
the rectangular prisms likewise being common to ])otli ; 
and accordingly we may consider these Ibrms as already 
known, so that in 

P. P + n*. (P)^ P -h OD, [P + od]. 

a f c d c 

the only ^orm still to be determined is the four-sided pyra- 
mid P + n‘ (/). 

The faces of the scalene eight-sided pyramid (P) **, meet- 
ing in their more obtuse terminal edges, are found in the 
combination to appear in the place of the terminal edges of 
P -f n^ The two forms are therefore in a parallel position, 
and the relation existing among them, if compared with 
those considered above, is comprised under the case §. 14S), 

ii- 7- 

If the number 3 be substituted for m, the axis of the 



§. 152 , 


OF COMBINATIONS. 


195 


isosceles f()ur-F|.(lc(l f)yraini(l will be = 3. 2.2, a, or = 3. a if 
n = 0. Ilenofc the pyramid is that member of the first 
subordinate series which belongs to P + 3 (§. 149. ii. 4.), 
that is to say, it is =— ^ P 4- 3. 

The complete designation of the compound form follows 
according to this developement, thus : 

P. P + 3. (P)». P + 00. [P + oo]. 

a fed e 

§. 152 . PRISMATIC COMBINATIONS. 

A combination of the prismatic system is said more 
particularly to possess a Prismatic Character^ if 
the forms contained in It Jippcar with the wh^le 
number of their faces. 

The number of binary combinations in tise prismatic 
system is so great, on account of the great variety of diifer- 
ent relations among its forms, tliat it becomes impossible 
in the present place to consider them all, even though this 
should be done in the most general manner. We can 
therefore notice only as many as will be sidlicient for ex- 
plaining the greater part of the cases commonly occurring 
in nature, and which, at the same time, shew how to pro- 
ceed in the application of the methods of developement 
mentioned above (§. 143.). These binary coigibinations are : 

i. P H- 11 . P -p n', 

ii. P + n. (P + n')"»', 

iii. P + 11. (P + n')’"'i 

iv. P + n. (Pr + n')™ ^ 

V. P + n. (Pr + n')"'\ 

vi. P + n. Pr + n', 

vii. P 4 n. Pr + n', 

viii. Fr + iV. Pr 4 n'. 
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i. P 4- n. r + n'- 

Tlic bases of the forms contained ij-i this combination 
are similar to each other, because these forms are members 
of one and the same series, and no different position can 
have any influence upon them, whatever members of the 
series may be combined. The edges of combination, there- 
fore, become horizontal for every value of n and n', even 
though this be == 4- od or = — os. The same reasoning 
applies to all such combinations as are produced by simple 
forms of similar bases, and inversely, horizontal edges of 
combination may be considered as a certain character of 
this property of forms, as is evident from the derivation of 
the series itself, and of its limits. JS.v. V — co (P), 
jP — 1 (.v), P (o) and P 4- CO (Jf) in prismatic Topaz. 
VoL II. Fig. 34. 


ii. P -f n. (P + n')*"'* 

Let n' be -= n ; and the forms accordingly co-ordinate 
ones. The faces of P -f n, meeting in their more obtuse 
terminal edges, appear in the place of those terminal edges 
of (P 4“ n)’“', which are situated contiguous to the prolonged 
diagonal, and the edges of combination will be parallel 
among themselves, and to the above mentioned edges of the 
two pyramids. This parallelism follows from the simulta- 
neous increment of the axis and of the variable diagonal of 
(P -h n)-' (§. 94.). 

iii. P + n. (P 4 n')'«'. 

Let n' >e = n. Every thing is as in ii. ; except that the 
faCes of P + n meeting in the more acute terminal edges, 
appear in the place of the similarly situated terminal edges 
of (P 4- n)*”'. This likewise follows from §. 94. Pr. P (P) 
and (P)*’ (a) in prismatic Melane-glance. Vol. II. Fig. 34. 

iv. P 4 n. (Pr 4 n')"''. 

Let n' be = n; m = 3. The combination will be 
P 4 n. (Pr 4 n)’. The faces of P 4 n meeting in its 
more obtuse terminal V lges, are situated in the place 
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of the corresp«|ndin^ terminal edges of (Pr + n)'*. The 
edges of combjnation are parallel to each other, and to the 
above mentioned edges of the pyramids. For, if in the 
general co-efficients of (Pr 4* n)‘" (§. 95.), m is supposed 

s=s 3, the ratio a : c becomes equal 

2 m — 1 

to 2”. a : c, which is identical with the ratio of the ana- 
logous lines in P + n. Ex\ V (P) and (Pr)® (») in Serpen- 
tine. Vol. II. Fig. 33. 

If m^ be = 5, and n' = n — 1, the same situation of the 
edges takes place. A similar result is obtained by substi- 
tuting 4 instead of m'. Ift this case, however, the pyra- 
mid, from which (P 4* n')*''' is derived, would not be one be- 
longing to the same series as P + n, but it would be a py- 
ramid belonging to that subordinate series of which ^ is 
the co-efficient. This becomes evident from a comparison 
of the general co-eilicients. The observed parallelism ^f 
the edges in one direction alone is therefore insullicient for 
the determination ot‘ the form, if there is not another da- 
tum supplying this want from another side. 

v. P 4* n. (Pr + n')“'. 

Let n' be = n ; m' = 3, or the combination P 4- n. (Pr + 11 )®. 
As the preceding case (iv.) refers to the more obtuse ter- 
minal edges, so the jiresent one applies to the more acute 
ones ; Avhich is evident from the comparison of the general 
co-efficients of the forms concerned. The situation of the 
edges being as described here, if m be sujiposed to assume 
such values as do not make m' + 1 eciual to » power of the 
number 2 ; the jiyrainids P 4- n and P n' will ifbt be- 
long to one and the same series. 

vi. P 4- n. Pr 4- n'. 

The pyramids and horizontal prisms considered here arc 
supposed to belong to one and the same series. 

liCt 11 ' be = n. The faces of the horizontal prism ap- 
pear in the place of the acute terminal edges of the pyra- 
mid, and the edges of combination arc parallel among each 
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other, and to the above mentioned, teniiinal edges of the 
pyramid, which is evident from the derif^ation. The same 
takes place for (Pr + n)™. Pr 4- n', and if m be = 3, also 
for (Pr + n)‘". Pr + n'; and it is therefore a very useful 
and evident datum for the determination of forms. 
P.(/^)aiid Pr(()) in diprlsmatic Olive-malachite. Vol. II. 
Fig. 5. 


vii. P 4- n. Pr 4" n'. 

1. What has been said in vi. of the acute terminal edges 
of P 4- n, applies here on the same supposition to the ob- 
tuse ones, in the combination' P 4- n. Pr 4* n, as well as in 
those of (P 4- n)»”. Pr 4- n, and, in the case of m = 3, also 
to (Pr 4- n) *"• Pr 4* n. Kv. P (o) and Pr (P) in diprisma- 
tic Iron-ore. Vol. II. Fig. 4. 

2. Suppose now a triple . combination, whose crystallo- 
graphic sign is 

’ P 4- n. Pr 4- n'. Pr 4- n", 

and in this n' == n, n'' = n — . 1 ; the faces of Pr 4- n'"' will 
assume a rhombic figure in the combination. 

Let AM, Fig. TL? represent part of the aKis, MB one of 
the diagonals, and BG part of that terminal edge of the pyra- 
mid P 4- n, which is contiguous to BG ; FGHI, FGH'P 
will be the faces of the horizontal prism Pr 4* n. 

The rhomb AQBT* is a face of the horizontal prism 
Pr 4- n" ; AN is =» NB', the triangle NIVN' therefore simi- 
lar to the triangle AB'M', and equal and similar to the 
triangle NGA. Hence N'N = NG = J N'G. 

The liilte N'B' is at the same time the diagonal of the 
pyramid P 4- n, and of the pyramid P 4- n", to which the 
horizontal prism Pr 4- belongs. N'G therefore repre- 
sents the axis of the first, N'N that of the second pyramid, 
and from the ratio of these = 2 : 1, we infer that n" is 
=s n — 1. 

3. If instead of P 4- n, the triple combination contains 
the vertical prism P 4- oo, and n' is =s n", the faces of all 
the three ftmis become rhombs, 'fhe rhombic figure of the 
faces of a horizontal prisrlJ, if produced by the intersection 
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with such form:.' i\6 are known, will always sull’cc for its 
perfect do teniii t iuA . 

vlii. Pr -f- n. Pr -I- iP. 

1. liOt i\' bo =u n. The combination Pr + n. Pr + n will 
be the i:;tcrinediiite form«l)elongin»',lo P + n (§. f)7.)« 

i2. If the two forms do not belong to one and the Kame 
series, due attention must be given to the co-cflicieiits of 
tlie dilfercnt series. If n or n' become infinite, the edges 
of combination are parallel to the terminal edges of that 
scalene four-sided jjyraniid, to which the finite prism be- 
longs, whatever may be its co-elficient. 

o. If both n and n' are = + co, the combination P — od. 
ih' -f- C3. Pr 4- CO is transformed into a right rectangular 
prism, whose transverse section is an oblong. This jjrism 
must not be confounded with the right rectangular four- 
sided prism of the pyramidal system, whose transverse sec- 
tion is a square, and whose crystallographic sign may lie 
either P 05. P + w or P — - co, [P 4- 

§. 153. HEMI-PRIS^IATIC COMBINATIONS. 

A combination possesses a Hevii-prismatic Chor- 
ractc)\ it* one or several of the forms contained in 
it, and bearing to each other tlie general relations 
of tliose in tlie prismatic system, appear only with 
half the number of their faces, or in which these 
faces sliew differences in their angles referring to an 
axis which is inclined in a plane perpeiuficular^upon 
the base, and passing through one of its di«ngonals. 

'Pile hcmi-prismatic combinations depend upon the fun- 
ilamental form, §. OB. P"ig. 41., whose axis is inclined in a 
j)lane perpendicular to the base, and passing through one of 
its diagonals. 

'Phe heml-prismatic form^warc designated like the pris- 
lualLc ones, willi that ditfcivwce only, that the signs of 
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those forms, of which only half the nun-jber of faces appear, 
receive the additional divisor 2 ; aiM that those faces which 
are turned towards the observer, conti^^aous to the upper 
apex, arc provided with the sign +, while those contigu- 
ous to the same apex, but on the opposite side, are distin- 
guished by the sign — . •*’ 

Only a few observations shall be made in the present 
place on these combinations, in order to explain their ge- 
neral appearance. 

If the inclination of the axis be supposed = 0, the com- 
lunation of P — od with P -f cs, or with (F + oe)'», 
(Pr H- o:)3, Sic. wdll be a right oblique-angular four-sided 
prism, which is a compound form, bearing altogether the 
character of prismatic combinations, considered above. 

But if the axis be inclined in the plane of the greater 
diagonal, or if the inclined face of the horizontal prism 


1 >r n * 

— T_ terminate the prism P -f os ; then the combination 
2 


will assume the appearance of an oblique-angular four-sided 
prism, the basis of which is inclined to its acute lateral 
edges. A similar prism is produced by a combination of 

• rr 11 

P — 00 or of with an oblique-angularfour-sided prism, 


only that the oblique terminal face is inclined towards the 

obtuse lateral edges of the prism. If in or 

2 2 


n becomes = -H oo ; the horizontal prism is transformed 
into a pair of planes parallel to the axis of the four-sid- 
ed prism, and these faces appear with parallel edges of 

Pr-fii 

coliibination, in the case of instead of its acute la- 

2 


teral edges, in the case of 


instead of its obtuse ones. 


the prism itself remaining unlimited in the direction of its 
axis. Combinations of this kind cannot be distinguished 
from the prismatic ones P + os. Pr + oo, and P -f oc. 
Pr + D5, unless some othei faces be present, which, bv their 
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inclination upon the axis, shew the hemi-prismatic character 
of the combination. 

Sup])osing a/l[aiii the inclination of the axis to be = 0, 
the triple combination P — oo. Pr -f co. Pr -f- ca will be a 
rif^ht rectangular four-sided prism, its base an oblong rect- 
angular face, and the combination itself a prismatic one, as it 
appears from what has been stated above, §. 152. The same 
triple combination V — od. Pr 4* co. Pr + os, upon the sup- 
position of the axis being inclined in the plane of the 
longer, or the shorter diagonal, or the triple combinations 


!:L±1\ Pr + o=. Pr + 
2 


Pr 4-n 


Pr +05. Pr + os , 


appear as oblique rectangular four-sided prisms, two “faces 
of which arc perpendicular to the rectangular base, while 
the two others produce with it horizontal edges of combi- 
nation, supplemental to each other. 

The axis is not always inclined to the base at the same 
angle, but varies according to the different species 
which it occurs. 

Prismatoidal Gyj)sum-haloide, prismatic Azure-mala- 
chite, paratomous, liomi-prisii'atic and prismatoidal Augite- 
spar, may be quoted as examples of hcnii-prismatic combi- 
nations. 


§. 154 ;. TliTAllTO-rUISMATIC COMBINATIONS. 

The Tctarto-prismatic Chai'actcr of a combina- 
tion rccjuires, that of the forms which constitute it, 
llic scalene four-sided pyramids sheiv only one- 
fourth, and the prisms, both horii^ontal and ver- 
tical, only onc-half the number of their faces, or 
that these faces arc distinguished from each other 
by their angles, which refer to an axis inclined in a 
plane perpendicular upon the base, and passing 
through neither of its diagpnals. 
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Tetarto-prismatic combinations consist, like tlic prisma- 
tic and the hcmi-prismatic combinAlions, of forms, whose 
general relations to each other are those^ developed for the 
prismatic system. 

The tetarto-prismatic combinations depend ui)(ni the 
fundamental form, §: PC., I'ig. 42., w’hose axis is inclined 
ill a ])lane which is perpendicular to the base, and jiasses 
through neither of its diagonals. 

The designation of tetarto-prismatic forms must dis- 
tingaish ail the faces of the pyramid contiguous to one and 
the same apex. Tims the face CAC being turned towards 

X> 

the observer on his right hand, is noted r __ , BAG' to his 

4 

V 

left is noted 1 — ; on the opposite side the face B'AC turn- 


ed to his right hand is distinguished by — 



the face 


B'AC' turned to the left by — 1 . 

4 


In the same manner 


also the front and back faces of the horizontal prisms be- 
longing to the diagonal BB', and the right and left faces 
of the horizontal prisms belonging to tlic diagonal CC' are 

indicated by i and ^ the latter of 


which extends also to those prisms whose axis is parallel 
to the principal axis AA' of P. 

* • . P 11 

The tetarto-prismatic combination — — P -f ss gives 


an oblirpie oblique-angular four-sided prism, in which the 
altcTiiating edges mutually are siqipleinental of each other. 
Two of them assume a horizontal position, if the inclina- 
tion of the axis is = 0. But if the angle of inclination is 
an appreciable magnitude, or if these forms do not belong 
to one and the same series, none of the edges of combina- 
tion can become horizontal. 


P “t* n y* 

'fhe tetarto-prismatic combination — II — . Pr + co . 
Pr 4- 90 is an oblique four- *ided prism, in which none of tlie 
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edges of combination are horizontal. This prism is rect- 
angular if the bas^ (fr the fundamental form is a rhomb, 
but its transverse section will difler more or less from a 
rectangular figure, if this base be a rhomboid. 

Examples of tetarto-prismatic combinations occur in te- 
tarto-prismatic Vitriol-saft, in seveihl species of the genus 
Feld-spar, in prismatic Axinite, and other species. 

§. 155 . DEVELOPEMENT OF PllISMATlC COMBINA- 
TIONS. 

The following develapement will fully explain 
the application of what has been stated above in 
respect to binary combinations. 

Fig. 72. represents a prismatic combination, indetermi- 
nately designated by 

P + n. P + n». P+n>». 

he d c 

Pr + n"'. Pr + eo. P + «. ’ 

a h f g 

Among the simple forms, constituting this compound 
one, two arc immediately determined, P + co (/) and 
Pr 4- CO (/i). 

If we suppose n* = 0, P + iP (c) becomes ss P, that is 
to say, the fundamental form. On account of the parallel 
edges of combination between P and ^Pr + (c), n*“ is 


• III the indeterminate designation both the signs 
(§. 1B2. 105.) are made use of before the forms have 
been determined, till it apjicars from the developement ac- 
cording to the reasons giveif above, which of the two is to 
be retained. 
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also = n* = 0 (§. 152. vi.); and consequently Pr + n“* 
s= Pr. 

The faces of the horizontal prism Pr V (a) appear as 
rhombs if combined only with V and Pr. This horizontal 
prism therefore is = Pr — 1 (§. 152. vii.). 

The same horizontal prisA produces parallel edges of 
combination with P + n (6), in the place of its more ob- 
tuse terminal edges. Hence Pr — 1 and P 4- n are co- 
ordinate forms, n is = — 1, and P + n = P — 1. 

The horizontal prism Pr belongs to P. But at the same 
time it also belongs to, or produces parallel edges of com- 
bination with or that scglene four-sided pyramid of a 
dissimilar section with P, whose double representative sign 
has been expressed, either by (P + n")'“ or by (Pr + n“)™. 

If we suppose the corresponding finite diagonals of the 
horizontal prism, and the mentioned pyramid to be equal ; 
the axes of the two forms inust necessarily be also equal, 
and since Pr belongs to P, the same applies to this funda- 
mental pyramid ; and hence we infer that the ratio of the 
said diagonal in the secondary pyramid to its axis is the 
same, which takes place in the analogous lines of the fun- 
damental form itself. 

Suppose in the pyramid, which is to be determined, the 
ratio of the three perpendicular lines, equal to a' ; b' ; c'. 
(§. 53. C.) ; we have 

a' : b^ = a : b. 

The horizontal prism Pr — 1 belongs to P — 1, but, on 
account of the parallel edges of combination, also to the 
pyramid d.^ If wc proceed in comparing the axis and the 
diagonals as above, we find the ratio of 
a' : c' = I a s c = a ; c ; 
and therefore the ratio of all the three lines 
a' : b' : c' = a : b : 2. c. 

If now we compare the co-efficients of this ratio with 
the general co-efficients for (P + (§• 94.) ; that is to 

say 

1 : 1 2 , 

2". m : 1 • t m ; 


with 
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we find m = 2, n = — 1 ; and therefore 

(P +»n")'" = (P — 1)®. 

'By compariii^ them in the same way with those for 
(Pr + n)»' (§. 95.), or 

1 : 1 : 2 

with ?L±i2»: 1*: 

2 m — 1 

we have m = 3, n = — 1, and 

(Pr + n”)™ = (Pr — 1)3. 

In respect to the dimensions of the forms, it is qifite in- 
different which of the two designations we employ, for 
they both express exactly the same thing. Yet on account of 
the number of derivation 3, for the analogy with the pyra- 
midal system, we rather prefer the latter. The vertical 
prisms become evident from the consideration of their be- 
longing to the pyramids. One of them, y; is P + oo on 
account of its horizontal edges at the intersection with P ; 
while the other, is (Pr 4- co)®, because Jthe edges of com- 
bination of this prism with (Pr — 1) ’* are horizontal. 

The definite designation of this compound form will 
therefore be, according to the preceding developemeiit, 

Pr — 1. P — 1. Pr. (Pr — 1)\ P. 
a h c d c 

P + «• (Pr + co)3. Pr + 00 . 

f S ^ 

§. 156. TESSULAE COMBINATIONS. 

A combination of the tessular system is more 
particularly said to possess a Tessular Character ^ 
if it contains the faces of the original forms pecu- 
liar to this system (§.121 — 127.), without any 
halves or fourths (§. 128.). 

It would be superfluous tl> enter here into a minuter 
detail of the binary combin^ions, comprised under this 
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head. Every thing necessary to know of them follows im- 
mediately from their derivation : roin the hexahedron, if 
Ave only attend to the different positions, which the faces 
of the forms combined assume in respect to the different 
axes. Ilcncc even the angles of incidence at the edges of 
combination may immediately be deduced for those forms 
Avhose dimensions are invariable, their faces being perpen- 
dicular to one of the three kinds of axes (§. 40.). Tor 
these angles of intersection between the faces of such 
forms, and the angles at the centre produced by those 
axes, which arc perpendicular to these faces, must be sup- 
jplemental to each other. Xhe algebraic formula? given for 
the diiferent syst^ns of variable dimensions, may also be 
employed for obtaining the angles both of simple forms 
and of combinations of the tessular system. Eor this pur- 
pose, the simple forms peculiar to the tessular system, or 
rather parts of’ them contained under faces similarly situ- 
ated in respect to a single axis considered as the princi])al 
one, may be considered as forms belonging to one of the 
preceding systems. In this case every thing a})plies to 
them, that has been above stated in respect to binary com- 
binations. If, for instance, the hexahedron be considered 
as a rhomboiiedron = 11 ; the horizontal faces of the octa- 
hedron will represent 11 — cd, the inclined ones R + 1 ; 
and the comb/mation of the hexahedron and the octahedron 
supposed to be a rliombohedral combination, will be ex- 
pressed by R — 03. R. R + 1* As a tessular combina- 
tion, its crystallographic sign is H.O (§. 121. 124.). If we 
consider the octahedron as an isosceles four-sided pyramid 
of the pyramidal system, and designate it accordingly by 
P, the horizontal faces of the hexahedron will assume the 
situation of P — oo, w'hile the vertical ones assume that of 
08 ]-; thus, for the sake of applying the calculations, 
P — 00 . P. [P 4- 05 ] will express the same combination 
of the hexahedron and the octahedron. * 

This process also extends to combinations produced b}^ 
more than two simple foflns. Suppose, for instance, a com- 
bination of the hexahedron, the octahedron, the dodecahe- 
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(iron, and Iho first variety of the digranimic tetragonal-ico- 
sitetraheilroiis, to belconsidcred as a rhomboheclral combina- 
tion, of whicli^ the hexahedron is the fundamental form 
II = 90°. The octahedron is consequently = li — oo. 
11 + 1 ; the dodecahedron = 11 — 1. P + os ; and the di- 
grammic tetragonal-icosftetrahedroti = 11 — 2. (P — 1)3. 
R + 00 . 'fhe entire tcssular combination cxjiressed as 
a compound form of the rliombohedral system, is therefore 
= R — 00. Tl — 2. R — . 1. R. (P — 1)3. R + 1. R + co. 
P + CO. It may here be observed, that besides other forms, 
this combination contains four consecutive members of one 
series of rhombohedrons,^one of which is R = 90°. The 
designation of this compound form, as belonging to the tcs- 
sular system, is : H. O. D. A i . 

It is evident that this may likewise yield a method of 
finding the dimensions of the different varieties of such 
forms, as possess faces nolt perpendicular to any axis, of 
icosi tetrahedrons, of tetracontaoctahedrons, tSic. 

§. 157. SEMt-TESSULAR COMIUNATIONS. 

A combination of the tessiilar system assumes a 
SemUtessiihir Character^ if it contains one or more 
Halves. The semi- tessular combinations must far- 
ther be distinguished into semi-tessular combina- 
tions of ^parallel faces^ and of inclined faces^ accord- 
ing to tlie kind of halves which they contain (§. 128 .). 

Among those binary semi-tessular combinations, •which 
contain only one Ilalf^ there are two in particular deserving 
of notice. The first of them is the combination of the ottahe- 
dron wit h one of the hexahedral pentagonal-dodecahedrons. 
The faces of the octahedron ajipear as equilateral triangles 
in the place of the rliombohedral solid angles of the penta- 
gonal-dodecahedron. If all, the faces of the combination 
become triangles, the form produced is contained under 
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cif^ht equilateral triangles, originating from the octahedron, 
and twelve isosceles triangles originating from the hexahe- 
dral pentagonal-dodecahedron. This form has been called 
the Icosahedron of Mineralogy. The icosahedron, however, 
is not a simple form ; and, on this account, it receives no 
particular name in the systematic nomenclature of forms 
(§. 49 .). 

The other is the combination of the hexahedron and the 
ti'igrammic tetragonal-icositetrahedroii. The faces of the 
hexahedron appear in the figure of rhombs in the place of 
the prismatic solid angles of the icosi tetrahedron ; and if 
they are enlarged till all theiaces limiting the combination 
become tetragons, the result is that form which has been 
called the Trlacontahcdron of Mineralogy. This form is con- 
tained under six rhombs and twenty-four trape>:oidal faces, 
the one and the other equal and similar among themselves. 
It is not a simple form ; and therefore as little entitled to 
a peculiar systematic name as the icosahedron. 

If two forms occur at the same time in a combination, 
we must attend to their position, whether they are both in 
the normal position, or whether one of them is in the nor- 
mal while the other is in the inverse position ; for the ge- 
neral appearance of the combination is very mucli influ- 
enced by this difference. 

The two semi-tessular combinations of parallel faces, 
Figs. 75. contain the same halves ; with this difference 
only, that one of them in Fig. 70 . is the inverse of the 

same in Fig. 7«5., the former being the combination Al (c). 

2 ii 

and the latter the combination — AL (o'). AJ (/) : 
2 ii 2 ii 2 ii 

and although the general appearance of the two forms is 
very different, yet an accurate comparison of the faces 
will easily shew their identity. Both of them occur in 
hexahedral Iron-pyrites. 

The semi-tessular combinations of inclined faces, Figs. 
77- 70 ., likewise contain Similar halves, but Fig. 77» will be 
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designated by — (jP)* -^(0> while Fig. ^8. is expressed 
2 4 2 1 

by ^(/*). — — (7), since the trigonal-dodecahedron r in 
2 2 1 


the latter combination is Uie inverse of the trigonal-dode- 
cahedron I in the former, the tetrahedron in the normal 
position being common to both. These combinations oc- 
cur in tetrahedral Copper-glancc. 


IV. or THE impeufections^ op crystals iit respect to 

THEIR FORM. 

§. 158. TWO KINDS OF THIS IMPERFECTION. 

The imperfections of diystals in respect to their 
form, originate either in the very formation of the 
crystals themselves, or they are the consequence of 
the contact of these with other minerals. 

The imperfections of the crystalline forms are deviations 
from that regularity which has been supposed to take place 
in the preceding considerations of forms. This regularity 
requires the faces of crystals to be planes of a certain 
figure and extent, and the edges in which'they intersect 
each other to be straight lines. It is very seldom met with 
in nature, perhaps never, if we examine the natural pro- 
ductions with the utmost accuracy ; the deviat4ons which it 
presents are founded in some cases upon the formation of 
the crystals themselves, if we find ourselves entitled to sup- 
pose that nothing external has had any influence upon the 
quality of the form ; in other cases they depend upon the 
contact into which one crystal has come with another ; for 
this is the means b}'^ which one of them could influence 
the shape of the other. The giiost interesting of these ob- 
jects is the consideration of the first kind of 4hese imper- 
fections. The other will be coSisidered more at large when 
VOL. i. o 
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treating of compound minerals ; at present it is only ne- 
cessary to examine in what shaphc an individual will ap- 
pear, which is prevented from assuming its regular form 
by some external obstacle. 

§. 159 . DEVIATIONS FROM REGULARITY, DEPEND- 
ING UPON THE FORMATION OF THE INDIVIDUALS 
THEMSELVES. 

TIiose deviations from the regularity of crystal- 
line forms, which arise from the formation of the 
individuals tliemselves, refer both to simj)Ie forms 
and to combinations. They appear either in the size 
and figure, or in the physical quality of their faces. 

The deviations from regularity take place in two diirer- 
ent ways : 

1, By the disproportionate and irregular enlargement or 
decrease of some of the faces, or 

2, By their curvature, or in general by the property of 
not being mathematical planes. 

With respect to the first, it must here be observed, that the 
regular enlargement of certain faces, considered above in the 
combinations called hemi-rhomboliedral, hemi-pyramidal, 
&c., does not enter within the limits of our present exami- 
nation ; on the contrary, simple forms and combinations of 
that kind may, as well as any others, be subject to those 
deformities of which we are now treating. 

, We find many examples of such irregularities in simple 
forms. The faces of the hexahedron, for instance, very 
often are not squares, but oblong or rectangular figures ; 
sometimes only two of them are squares. Of the faces of 
the octahedron, four become irregular tetragons, and two 
equiangular hexagons. The whole form of the dodecahe- 
dron is sometimes elongated or shortened in the direction 
of one of its axes : if - chis be a rhombohedral one, the 
form will assume the aspect of a combination of the rhom. 



§. 159. OF THF. Imperfections of crystals. SI I 

liohedral system ; if it be a pyramidal axis, the dodecahe- 
dron will assume tile appearance of a combination of the 
pyramidal systc^m ; and if it be a prismatic axis, it will have 
the asiiect of a combination of the prismatic system. The 
same changes arc sometimes met with in the digrammic 
tetragonal-icositetrahedrdn* It is*also a case not unfre- 
qiiently occurring, that single faces are enlarged in the 
manner just described, of which the isosceles six-sided pyra- 
mids of rhombohedral Quartz may be quoted as a remark- 
able instance. 

It will not be amiss to mention here the following pre- 
cautions, in order to avoid the errors into which such irregu- 
larities might lea<l. First of all, those angles must be care- 
fully examined, in which the faces of the forms intersect 
each other. Sup])ose, for instance, a form, exhibiting the 
aspect of a vertical oblique-angular four-sided prism, com- 
bined with a Iiorizontal one, which belongs to the long dia- 
gonal of the former, but whose edges are.all = 109® 28' 10" 
and 70® 31' 44"; this form will be the octahedron. If in a 
form representing a rhombohedral combination of R 4- n and 
P + 00 , or in a pyramidal one of P + n and [P 4- cc], all 
the edges are = 120®, this form will be the dodecahedron. 
A form, which seems to be hemi-prismatic, and composed 
of an oblique-angular four-sided prism, and half the num- 
ber of the faces of a horizontal one, if the edges of combi- 
nation prove to be equal to those of the prism, is not what 
it appears, but it is a rhombohedron. If, on the contrary, 
in a solid contained under six rhombic faces, those edges 
which represent the terminal edges of the rjiombohedron, 
be not equal, the solid itself will not he a rhombohedron, 
but a hemi-prismatic form of the description given above. 

In the second place, it is necessary to attend to those 
forms which enter into combinations with the one, respect- 
ing the determination of which there exists some uncer- 
tainty. 

If in a right rectangular four-sided prism, instead of one 
or more of its solid angles, we observe equilg^eral triangles, 
the form will be the hexahedrcfti ; if these triangles be iso- 
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scelcs, the form will be the right rectangular four-sided 
prism of the pyramidal system ; aifd should they be scalene, 
wo have reason to suppose (§. 150.), tha^; the form in ques- 
tion will be the right rectangular four-sided prism of the 
prismatic system. 

In similar cases, the forms of cleavage j(§. 1G7.) allow 
very often the same application as crystalline forms. The 
octahedral Fluor-haloide may serve as an example ; the 
angles of a right rectangular four-sided prism of this s])c- 
cies may be taken away, or broken off, by equilateral tri- 
angles, which are faces of cleavage. The figure of these 
triangles proves the form to be the hexahedron, although 
perhaps not one of its faces is a square. The following 
chapiter will contain farther observations on cleavage. 

In the third place, the quality of the faces (Chap. III.) 
must be considered. Nothing is more easy than to decide 
whether all the faces under which a form is contained, are 
of the same quality, or whether they differ from each other 
in this respect. If this quality is the same in all the faces, 
the form may be a simple one ; if it is difierent, the form 
must be a combination of at least as many simple forms, or 
symmetrical halves and fourths, as there are differences ex- 
isting in the qualities of the faces. A right rectangular four- 
sided prism, contained under faces of three different quali- 
ties, must belong to the prismatic system. If the faces j)rc- 
sent only two different qualities, the form may belong to the 
pyramidal system, though by this description of the faces it 
is not yet excluded from the prismatic system ; and it may 
belong to» the tessular system, if all its forms are exactly 
of the same quality. In this last case, however, the form 
is not excluded from any one of the other two systems. 

The same is evidently applicable to combinations. It 
sometimes happens that some of the faces belonging to the 
simple forms which the combination contains, are irregu- 
larly increased, whilst other faces belonging to the same 
forms, diminish till even^ they entirely disappear. This 
will natumlly produce differences in the figure of the faces. 
The method to be followed in occurrences of this kind con- 
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sists in reducing the homologous faces to their regular size 
and figure, which is| effected by giving them an equal dis- 
tance from the centre of the form, and by adding, if neces- 
sary, those faces which do not appear at all in the combina- 
tion ; provided the observation of one or more of the same 
simple form entitles us to^suppose this form to be one bc; 
longing to the combination. In thus completing irregu- 
larly limited compound forms, it will always be necessary 
to reflect on the possibility of the forms possessing a hemi- 
rliombohedral, a hemi-pyramidal, a scmi-tessular, &c. cha- 
racter. • If, for instance, in a hexahedron four of the solid 
angles are replaced by eq\^ilateral triangles corresponding 
to the faces of the tetrahedron, we are not entitled to Sup- 
pose that the four remaining solid angles too should be 
truncated, because in this C£fse it is the tetrahedron, and 
not the octahedron, which is contained in the combination ; 
but if only one more of th5 remaining solid angles be re- 
placed by a triangle of the same description, then we aft 
fully entitled to add the rest of the faces required for the 
production of the octahedron, or perhaps of two tetrahedrons) 
since either the octahedron or two tetrahedrons arc really 
contained in the combination. 

Sometimes the combinations, like the simple forms, are 
elongated or depressed in the direction of one of their axes ; 
and they assume the aspect of such forms as belong to tlie 
system to . which the lengthened or shortened axes refer. 
Examples of this kind occur very frecpiently in the combi- 
nations of the hexahedron and the octahedron of hexaliedral 
Lead-glance. The crystals are sometimes elongated in the 
direction of a prismatic axis, or depressed in the direction 
of a rhombohedral one. The latter assume the appearance 
of a rhombohedral combination, while the former possess the 
aspect of a combination of the prismatic system. The most 
common form of rhombohedral Quartz is a combination of an 
isosceles six-sided pyramid V with the regular six-sided 
prism P 4- 00 (Vol. II. Eig. 145., abstraction being made of 
the faces s and s'). Very often this combination appears llat- 
tened in the direction of a prUmatic axis, and then it takes 
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the aspect of a combination of Pr. P. (Pr 4- oo)». Pr 4- oo of 
the prismatic system, much resembling Vol. II. Fig. 16. 
Also in this case the means quoted above will secure us from 
errors which a little practice very soon teaches to avoid in 
imperfectly formed varieties of crystallisations. 

The curvature of faces,* if occurring in simple forms, 
in general affects all the faces at once. Thus it is in the 
hexahedrons of octahedral Fluor-haloide ; in the dodeca- 
hedrons, icositetrahedrons, and tetracontaoctahedrons of 
octahedral lliamond ; in the rhombohedrons of the two 
species of Parachrose-baryte, &c. Similar imperfections 
produce the lenticular forms,, particularly the saddle-shaped 
lens of the above mentioned species ; which is more correctly 
represented in Fig. 76. than in any of the drawings and 
models hitherto published, in which, for the greater part, it 
is given with four corners, instead of six. 

In combinations, the curvature always takes place upon 
homologous faces, while the rest are not affected by this 
deformity. Examples may be found in the species of pris- 
matoidal Gypsum-haloide, of paratomous Augite-spar, of 
octahedral Diamond, &c. 

Curved edges are produced by the intersection of curved 
faces ; rounded edges, too, arise evidently from the curva- 
ture of the adjoining faces. 

From the preceding considerations of the irregularities 
of crystals, it is plain that it is necessary to observe the 
greatest precautions in ascertaining the measures of their 
angles, if wo wish to obtain useful and correct results. 
The inaccuracies of so many of these measurements, are not 
ah/ays errors arising from the imperfection of the instru- 
ment, or from the operation ; but very often they are the 
consequences of the imperfection of the crystals them- 
selves. Small crystals are commonly less subject to these 
irregularities than large ones ; and to this, in particular, 
the great advantage must be ascribed, which the lleffective 
Goniometer possesses over the common one, because, in 
applying Uhe former, we may make use of crystals which 
are smaller, and theref6r<jiin general' more perfectly formed. 
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while the common goniometer requires crystals of a larger 
size, if it shall be a])]^licable at all, and these are but rarely- 
found in the necessary perfection. 

The reflective goniometer must necessarily be employed 
in those accurate and desultory observations, upon which 
are founded the determiiAitions of Uic angles of the funda^ 
mental form, and consequently also the dimensions of a 
natural-historical species; the common goniometer, how- 
ever, will always be found sufficiently accurate, if our ob- 
ject be only to discriminate individuals, or to find out the 
place of a given one in the system, by the assistance of the 
Characteristic. ^ 

Notwithstanding all the variability in the size add in 
the figure of the faces depending upon it, both of which 
may be referred to the impeffect formation of the crystals ; 
yet the situation of those faces towards each other will be 
always found constant. Tlie faces of forms, both simple 
and compound, constantly intersect each other at the saifte 
angles which they would produce if the form had arrived 
at the highest possible degree of perfection, which depends 
upon the exact equality and similarity of the homologous 
faces. The magnitude of the angles is constant. This re- 
markable fact has first been ascertained and demonstrated 
by the celebrated Home de lTsle ; it is the basis upon 
which is founded the possibility of applying crystallography 
to the mineral kingdom. Doubts have been raised against 
the correctness of that law, derived from an apparent transi- 
tion of certain crystalline forms into others, by continual 
changes in the magnitude of the angles: these doubts, 
however, immediately disappear, if we consufer the q^ystals 
in their greatest geometrical perfection, and not aflbctcd 
by any of those irregularities to which they are subject. 
Hence we may infer, that the crystallisation of minerals, 
from the simplicity and constancy of its laws, under the 
appearance of the greatest variability, deserves on that ac- 
count to be called the most remarkable of those phenom^ns^ 
which inorganic nature pre^nts to the observer. 
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§. 160 . DEVIATIONS FROM REGULAUITY, DEPEND- 
ING UPON THE CONTACT WITH OTHER INDI- 
VIDUALS. 

Crystals may either touch on all sides, those mi- 
nerals to which thc^ are adjoining, or they may ad- 
here to them only by some of their parts. 

Crystals, surrounded and inclosed by the solid mass in 
wiiidi they are found, or in which they have been formed, 
are in contact with this mass on all sides. This mass 
may either be homogeneous (^. 2.3.) to that of the crystals, 
or may not be homogeneous with it. In the first case, 
the regularity of the form is almost without any exception 
so much disfigured, that not even a trace of it will re- 
main. One of the individuals prevents the other individual, 
by their Contact, from assuming that regular form which is 
peculiar to it and, in fact, we have very often occasion to 
observe, that the individual really assumes this regular 
form, whenever a part of it emerges from the contact with 
other individuals. 

Examples of this are frequently found in the compound 
varieties of rhombohedral Linie-haloide, and of other spe- 
cies. The individuals in these compositions are real crys- 
tals, which only have been prevented by their mutual contact, 
from assuming their peculiar regular forms. Very often we 
find cavities or emjity spaces in tlie interior of such com- 
pound varieties ; the individuals lining these cavities pre- 
sent regular forms, wherever they do not touch the rest of 
the^^compound mass. 

In these compositions the crystals sometimes lose only 
the regularity of their form, while they still continue to 
present its general aspect. Thus, for instance, the i)articles 
of such species whose forms belong to the tessular system, 
often have their three dimensions nearly equal, while many 
of those of other systems have two dimensions greater or 
less than tlip third. The System of Crystallisation^ however^ 
cannot he inferred from th^ observation* If' one or two of 
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the climcnsions diminish much in size, the individuals be- 
come thin laminse ojj fibres, of which the latter very often 
are much thinner than a human hair. 

Nay, they may even withdraw themselves entirely from 
observation, if the third dimension too nearly disappears. 
Yet the compound mineral can newer on this account be 
transformed into a simple one. This subject will be ex- 
plained more at large in Section II. 

If the mass which surrounds a crystal, and this crystal 
itself, are not homogeneous, the regularity of the latter is 
not always impaired. A crystal which, under such cir- 
cumstances, has retained its regular form, is said to be 
formed imhedded^ and if separated froip its support, fit is 
termed a loose Crystal, 

Crystals of this kind may be taken out of the mass which 
surrounds them, and if they do not cohere with any 
particles of the mass, a smooth print of their form will re- 
main. lioosc crystals, if not perhaps imperfect on soibe 
other account, may be considered as the most perfect pro^ 
dnclions of inorganic nature. But we rarely find such crys- 
tals. Commonly they are imperfectly formed of them- 
selves, or part of their perfection has been lost in the con- 
tact with the surrounding mass. Those individuals, whose 
dimensions are nearly ecxual, appear in this case as round- 
ish masses, more or less spheroidal, or as angular masses, 
and bear the names of Crains or Atii^ular Pieces. Both the 
grains and the angular pieces, therefore, are nothing else 
but crystals imperfectly formed. 

Besides these minerals, which indeed are nothing but 
imperfectly formed crystals, there exist a* great^niany 
others, which likewise assume more or less a spheroidal 
shape, or that of grains and angular })ieces. These, how- 
ever, must be carefully distinguished from real grains and 
angular pieces, because they are not simple, but compound 
minerals. 

Crystals which are formed in an empty space, and ad- 
here only with some of theil* parts lo the support, wliicii 
is, in most cases, diilerciit lii»ni the mass of crystals, are 
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termed lmj}lantcd crystals. Implanted crystals arc always 
incomplete ; because those parts arf wanting in which the 
crystals are attached to the supporting mass. They can- 
not be removed from it, so as to leave behind a print of 
their form ; they only may be broken off from the support 
with which they colfere more tr less firmly. 

Implanted cr\\stals must be dyly completed, for the 
purpose of a crystallographic consideration ; so must also 
those crystals, which, by some accident, or on purjiose, have 
beeiT broken or rendered incomplete. The only rules we 
niTist attend to in this process are those of symmetry, by 
which a perfect equality and similarity is established as to 
tile number and^situation of faces between those parts of 
the crystal which are wanting, and those which may be ob- 
served. The most common crystallisation of rhombohedral 
Quartz, consists of an isosceles six-sided pyramid, which is 
combined in a parallel position with a regular six-sided 
prism. As these crystals very often occur imidanted, the 
observation of one end of the pyramid only is possible ; 
evidently the opposite termination of the crystal must be 
comiileted, by siqiposing it equal and similar to that which 
has been observ^cd. Simple pyramids of rhombohedral 
Quartz, (and in similar cases also the forms of other mine- 
rals), if they present only one of their apices to the ob- 
server, must likewise be completed according to the rules 
of symmetry ; and we can never be entitled to assume or 
consider such things as fi'nupte pyramids, because those do 
not exist among tlic productions of nature, nor are they 

obtained from the diderent processes of derivation (§. 

Similar examples occur in pyramidal Garnet, in octa- 
hedral I’luor-haloide, in prismatic Ilal-baryte, &c. ; which 
must be completed according to the method explained 
above. 

There are cases, however, in which it becomes necessary 
to allow^ of an exception of that rule. These comprehend 
the crystals, in which two o))posite solid angles possess a dif- 
ferent configuration (§. llj*)- Evidently this difference 
{ilways must remain withiu the range of the series of crys- 
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tallisation. It has been observed, that certain crystals, 
part of which is difl^fcntly formed from another one, which 
is similarly situated, likewise present dillbrences in their 
electric action, on being exposed to an elevated temperature. 
Prismatic Zinc-baryte, prismatic Topaz, rhombohedral 
Tourmaline, and tetrahidral Porjftite, may be quoted 
examples of this peculiarity. Could this observation be 
established as a general law, it might prove useful in com- 
pleting crystals thus imperfectly formed, though it would 
not indicate what faces are to be added on that termination 
which is opposite to the observed one. 

Another case, in which ^he two opposite terminations of 
crystals arc differently formed, does not refer to the* pre- 
sent place, in as much as it is found only in compound mi- 
nerals. It will be treated of more at large in §. 17J>- 

The preceding ones are the most simple modes of the 
occurrences of minerals in fiature. 


CHAPTER IL 

OF THE STllUCTURE OF xMINERALS, 

§. 161. EXPLANATION OF STRUCTURE. 

Structure represents the mechanical connexion 
among the particles of a simple mineral. It may 
be observed, if we destroy this connexion, or*se})a- 
rate the particles from each other. 

We have to distinguish here between the regular and the 
irregular structure. 

If we break a crystal of hcxahedral I..cad-glance, or of 
rhombohedral Inme-haloide, we observe particles detach- 
ed which arc contained under even, smoot]i, and shining 
faces. The property of allo^hig these particles to be se^ 
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paratecl, but not the particles themselves, exists in the mi- 
nerals, previous to its having be^i rendered visible by 
mechanical force. Tlie particles of a mineral therefore 
necessarily must stand in some regular mechanical con. 
nexion, because the faces in which they separate are parallel 
to faces of regular forms. It is by means of the division 
that we acquire a knowledge of this connexion, or of what 
is understood by the regular structure of individuals. 

If we divide the particles of an individual in other direc- 
tions^ than in those of regular structure, the division takes 
place not in even faces, but in uneven faces of different 
descriptions, and by this the ^regular structure is not ren- 
dered observable, although it does, or at least may take 
place in the same individuaL These particles no longer 
possess the property of being regularly divisible parallel to 
faces obtained by this kind of division ; and the quality of 
the faces therefore demonstrates, that no regular mechani- 
cal connexion of the particles can take place in these di- 
rections. The*^ connexion between the particles in these 
directions, is also termed the irregular structure. 

It is sometimes attqo4fd with considerable difficulty to as- 
certain the regular sfrhcture, and very often it is no less dif- 
ficult to observe the irregular structure. The particles of 
certain minerals, as ofhexahedral Lead-glance, ofrhombohe- 
dral liime-haloide, &c., so very readily separate in the direc- 
tion of their regular structure, that it becomes almost impos- 
sible to produce any divisions in another direction ; al- 
though they may allow of such a division. On the con- 
trary, others separate with much greater facility in every 
direction but that of the regular structure, so that it 
likewise becomes difficult to observe even traces of it, 
though by analogy we are led to suppose the existence of 
the regular structure. 

The regular structure of minerals is observed in their 
Cleavage^ the irregular structure appears in their Fracture ; 
both, fracture and cleavage are comprehended under the 
more general idea of Structure, 
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§. 163 . CLEAVAGE. 

An individual is said to be ckavahle, or to admit 
of Cleavage^ if by a mechanical separation of its 
particles, the regular §l:ructurejcan be rendered vi- 
sible. 

Certain individuals may be cleaved with great facility ; 
and with only the blow of a hammer, they will divide 
into fragments contained under even faces, like those men- 
tioned in the preceding examples. This is not the case 
with others, in which the haere percussion yields only# irre- 
gular faces. In these, however, we are not yet forced to 
assume the non-existence of* cleavage, but by the help of 
delicate chisels, or of other appropriate instruments, and by 
a careful examination of the resulting faces, we have to de- 
termine whether or not cleavage occurs in the individual. 
It is very useful to expose such faces td an intense light, 
the reflection of which will very soon decide which of these 
is the case. A certain degree of skill is required in cleav- 
ing minerals, which, however, *^ktle practice will teach 
more accurately than could be done iiy many words ; and 
therefore we may omit here, as superfluous, all farther 
particulars, 

§. 163 . FACES OF CLEAVAGE. 

The faces obtained in cleaving a mineral, are 
termed its Faces of Cleavage. 

The faces of cleavage are distinguished from each other 
in respect to their properties or their relative aspect. 

These properties depend upon the perfection of the 
faces, in as far as they may be compared to mathematical 
planes, and upon the degree of lustre which they possess. 
It is very easy to tell, from ,the mere ocular inspection of 
faces, whether their quality be the same, o» whether they 
difter more or less from ea^i other. These dilFcrcnces, 
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however, particularly in respect to lustre, will be consider- 
ed more accurately on another occasion. 

Faces of cleavage, which are of the sa^e quality, and ap- 
pear in one and the same individual, or in one and the 
same species, are said to be homologous ; faces of cleavage of 
different qualities, cf they app2ar under the same circum- 
stances, are considered as being faces of cleavage not homo- 
logous with each other. 

Sometimes faces of cleavage appear to be curved. Irre- 
gularities of this kind require to be considered, like those 
mentioned above in respect to the faces of crystallisation. 
But v.ery often curved faces^ of cleavage result from the 
Composition of several individuals in a position little differ- 
ent from the parallel one. Fig. 80. shews a remarkable in- 
stance in rhombohedral Bime-haloide, where the axes of 
the individuals diverge very little from a common centre, 
by which the compound product of cleavage assumes the 
appearance of a rhombohedron, of which three faces are 
convex, and the opposite ones concave. 

8 . 164 ?. DIMCTION OF CLEAVAGE. 

, -r 

The direction in which the individuals of a spe- 
cies allow themselves to be cleaved, is the Direction 
Cleavage. 

The direction of the faces of cleavage is constant ; its 
situation in respect to the fundamental form, or any other 
derived crystalline form of the species, is determined, and 
not subject to any alteration. 

The directions of cleavage in every individual are not 
found in the same number. The individuals of most of 
those species which constitute the order Mica, can be 
cleaved only in one direction, and therefore possess only 
one direction of cleavage. Many species of the order Spar 
contain two ; rhombohedral liime-haloide and hexahedral 
Lead- glance contain three ; octahedral Fluor-haloide con- 
tains four'; dodecahedral Garnet-blende six ; and in many 
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mincmls cleavage may be effected in still more directions, 
differing in numbeff and often in quality. The direc- 
tion of cleavagf more particularly regards such as produce 
the most apparent faces of cleavage. If two directions 
of cleavage exist at the same time in a single individual, 
wherever the faces corresponding tto them are obtained, 
they always intersect each other at the same constant 
angles. T’his is a necessary consequence of the parallelism 
of all those faces of cleavage, which lie in one and the same 
direction. 

§. 165. CHARACTER OF CLEAVAGE. 

The Character of cleavage consists in the con- 
stancy of its direction (§. 164.), and in the possibility 
of separating the particles of individuals in this di- 
rection, as long as the acuteness of our senses, aud 
the delicacy of our instruments will ’allow. 

There are minerals whose jiarticles may be separated 
from each other in faces which regularly situated in 
respect to the crystalline forms, but which exist previous 
to the actual division. Those masses, liowever, which are 
contained between two such faces, allow of no farther cleav- 
age. This property of certain minerals will be considered 
more particularly in §. 1 7fh It is, however, very distinct 
from real cleavage, the character of which consists in the 
possibility of continuing it, as long as our senses may per- 
ceive it, or our instruments and contrivancAi may answer 
the purpose. 

Experience shews that cleavage indeed does possess this 
property, since it may be effected, to whatever point of the 
cleavablc individual the instrument is applied in the re- 
quired position. If, therefore, an individual is cleavable 
ill the direction of a certain plane, it must also be cleavable 
in any other plane parallel to the former, the distance of 
these planes being less than ary’^ given straij^ht line. 



224 


TERMIXOLOGY, 


§. 1G6. 

Several minerals may be cleaved into exceedingly delicate 
laminae, others do not admit of clej^vage to such an extent. 
Among the first, several species of the genus Talc-mica are 
particularly remarkable. Prismatoidal Gypsum-haloide may 
also be cleaved into uncommonly thin laminae; and we 
might succeed in ifttenuating’ them still more, if instru- 
ments could be found of sufficient ^delicacy. Cleavage may 
be continued so far in thei^ cases, because, except that single 
cleavage, there arc no other directions in which the minerals 
cleapve with the same facility, or, what is the same thing, be- 
cause it is very difficult to separate their particles at all in 
other directions. The other class of cleavable minerals com- 
prehends the individuals of such species as present more than 
one direction of cleavage, or whose particles may be more 
easily separated in uneven irregular faces. The facility with 
which the particles may be separated from each other in 
more than one direction of M^avage, or in irregular faces, 
prevents the cleavage from being more apparent, and ob- 
tained with greater facility in one of the directions. Hexa- 
hedral I^ead-glance, rhombohcdral Lime-haloide, See. may 
be quoted as.examplenof minerals, which cleave with equal 
facility in more than one direction. 

§. 166. FACES OF CLEAVAGE PARALLEL TO FACES 
OF CRYSTALLISATION. 

Every direction of cleavage (§. 164.) is parallel 
to the face of a form of the Series Crystallisa^ 
tion of that species, to wliich the cleavable indivi- 
dual lielongs. 

In the species of octahedral Fluor-haloide, the solid 
angles of the hexahedron may be broken off by cleavage 
with the greatest facility ; in the place of every one of 
those solid angles, there will appear an equilateral triangle, 
or an equiangular hexagon, which is the face of cleavage. On 
account of its figure, it is situated perpendicularly to a rliom- 
bolicdral axis, that is to‘si|y, like a face of the octahedron, a 
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form which in fact bclonp^s to the series of crystallisation 
of octahedral Fluorghaloide. The solid angles of the oc- 
tahedrons cannpt in this species be broken off by faces of 
cleavage, but this form may be cleaved parallel to its own 
faces in four directions, intersecting each other at angles of 
109° 28‘ 16" and 70° 31' 

The directions of the faces of cleavage in which the pyra- 
mid (P)® of rhombohedral Idme-haloide may be cleaved, 
are parallel to those of faces passing through every two con- 
secutive lateral edges of the pyramid. lint this is. the di- 
rection peculiar to the faces of the rhombohedron R. The 
faces of cleavage are therefore parallel to the faces of the 
rhombohedron R, which is the fundamental form ill the 
series of crystallisation of the species. In the rhombohe- 
dron, the cleavage may be Continued parallel to its own 
faces, in three directions, intersecting each other at angles 
of 105° 6' and 74° 55'. 

Rhombohedral Talc-mica, pyramidal Kouphone-spa^\ 
prismatic Topaz, &c. admit of a cleavage perpendicular to 
their axes. The faces of cleavage will be parallel either to 
R — 00 or to P — 00 , both of tj|;|em being limits of their 
respective series of crystallisation. 

It, appears, from the given examples, that not every 
crystalline form is clcavable parallel to some one or the 
other of its faces. Several of them, however, shew tins 
property. Simple forms of linite dimensions, if cleavabic 
parallel to their own faces, have on that account by preler- 
eiice been chosen for fundamental forms, even though such 
forms should not as yet have been produced by nature 
among the crystalline forms of the species. 

§. 167 . FORM OF CLEAVAGE. 

A form contained only under faces of cleavage, is 
termed a For m of Cleavage. 

The forms of cleavage may be cither simple forms or 

VOL. I. 



226 TKBMINOLOGY. . §. 167. 

combinations. Both may be either perfect (finite) forms, 
or imperfect (infinite) forms. 

If we continue cleav ing an indiviclual of octahedral Fluor- 
haloide, till it is comprehended on all sides within faces of 
cleavage, the result wiU be the perfect form of cleavage 
belonging to the species ; it will be a simple form, because 
the faces of cleavage homologous to each other, arc parallel 
only to the faces of the octahedron, and not to those of any 
other simple form. It is exactly the same with the forms 
of cleavage of fiexahedral Lead-glance, of hexahedral 
Rock-salt, of octahedral Corundum, of dodecahedral Gar- 
net-blende, and many other species. 

Peritomous lluby-blende cleaves in the direction of the 
regular six-sided prism 11 The form of cleavage is 

therefore a simple one; but it is incomplete or infinite, 
and terminated in the direction of the axis, either by faces 
of separation, which arc notTaces of cleavage, or by faces of 
crystallisation. 

Prismatic Topaz cleaves parallel to the faces of P — os. 
The form of cleavage is a simple one, but imperfect ; and 
is contained in the directions parallel to the axis under 
faces of crystallisation, or under such faces of separation, 
as do not owe their existence to cleavage. 

Rhombohedral Fluor-haloide cleaves parallel to the faces 
of P + oo ; but at the same time, also to those of R •— oc. 
The form of cleavage, R oo. P -H oo, is therefore a com- 
bination. But it is a perfect form, since by these faces the 
space is limited on all sides. 

Pyramidal Feld-spar and pyramidal Garnet are cleav- 
al(le in the direction of two rectangular four-sided prisms ; 
and at the same time perpendicularly to their axis. Their 
form of cleavage therefore, P — oo. P -f oo. [P + oo], is a 
combination and at the same time a perfect form of cleavage. 

Paratomous Augite-spar, and in most cases also hemi- 
prismatic Augite-spar, cleave in the direction of vertical 
oblique-angular four-sided prisms ; and at the same time in 
the direction of planes, passing through the axes and the 
diagonals of the prisma , Their forms of cleavage are ex- 
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pressed by the combination (Pr + oo)®. Pr + oo. Pr + oo 
which is imperfect, jthat is to say, unlimited in the direc- 
tion of its ax|s, except by faces of crystallisation, or by 
&ces of cleavage different from those contained in the repre- 
sentative sign of the compound form, or at last by faces 
not produced by cleavage at all. 

§. 168. FORMS OF CLEAVAOE, DISTINGUISHED AC- 
CORDING TO THE QUALITY OF THEIR FACES. 

Faces of cleavage, which belong to one and the 
same simple form, arc homologous (§. 163.). Faces 
of cleavage which arc not homologous, belong to 
diflFerent simple forms of (Jeavage. 

If we find an opportunity of comparing the form of 
cleavage of an individual with its form of crystallisation, it 
will not be difficult to decide which of the faces of cleavage 
belong to one, and which to different simple forms ; and 
indeed the certainty and generality of the present propo- 
sition depends upon observations of this kind. 

In many instances, however, we only can examine forms 
of cleavage, belonging to minerals which are not crystal- 
lised, or such individuals as present no regular external 
forms, and in which therefore the forms of cleavage are of 
stm higher value for the natural-historical determination. 
Here the above mentioned proposition becomes of tlie great- 
est utility, since it allows the forms of cleavage to be con- 
sidered in the right point of view, even thoi^h only a few 
of their faces should present themselves to the observer. 

As to the first, we find that all the faces of cleavage in 
the individuals of rhombohedral Lime-haloide, of octahe- 
dral Diamond, of dodecahedral Garnet-blende, of prismatic 
Topaz, and of many others, are of exactly the same qua- 
lity, so that they can by no means whatever be distinguish- 
ed from each other ; these faces being found to possess the 
same properties throughout the whole individual. A very 
remarkable difference, howevel*, is found in several species, 
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relative to the quality of the faces of cleavage in different 
varieties. One of the most strikiiig examples of this oc- 
curs in hexahedral Iron-pyrites. Several varieties of this 
species cleave very readily in faces which are pretty even, 
shining, &c. ; others only with the greatest difficulty in 
faces very much interrupted l^ asperities. In both cases, 
however, the resultant form of cleavage is the hexahe- 
dron ; and the faces under which it is contained are of the 
same perfection and quality, at least in each individual ta- 
ken-.separately, as it must be on account of their belonging 
to one and the same simple form. 

The circumstance that two or more faces of cleavage 
possess exactly the same properties, cannot be consider- 
ed as a proof of their belonging to one and the same 
simple form. An example of this may be taken from pris- 
matic Gypsum-haloide. Tlic form of cleavage of this 
species is represented by the \:ombination r — oo. t^rH- co. 

^ Pr H- 00 : the two latter, although faces of two different 
forms, shew almost exactly the same quality ; and yet the 
same two forms in prismatoidal Gypsum-haloide, where 
they likewise appear as forms of cleavage, differ very much 
in their aspect. 

On the contrary, in respect to tlie second part of the 
proposition, the difference of the simple forms to which they 
belong, follows in every instance from the different quali- 
ty of the faces of cleavage, or from their not being homo- 
logous. In the above mentioned compound form of cleav- 
age of pyramidal Feld-spar, the face perpendicular to the 
axis appears very different from those parallel to it, being 
less even, &c. : in a similar way in rhombohedral Emerald, 
the face perpendicular to the axis is more perfect and even 
than those parallel to it. As a very remarkable example, 
the form of ' cleavage of prismatoidal Gypsum-haloide de- 
serves our j)articular attciitioii. Tlie form considered by 
itself appears as a right oblique-angular four-sided prism. 
It is more natural, however, to consider it in reference 
to its crystalline forms, as the hemi-prisniatic oblique-rect- 
angular four-sided prisnt (§. 153.), similar to Yol. II. 



§; 16'9. OV THE'STIUrCTUIlE OF MINERALS. 229 

Fig. 40., of the dimensions given in the Characteristic. 
From this point of» view it becomes at once evident, 
that only th#se pairs of parallel faces which are of 
the same quality, can belong to the same simple forms, 
which could not agree with the hypothesis of a right 
oblique-angular four-sid?d prism. *The crystalline forms 
being always suppoiied to have been previously brought 
into an upright position, the most even, smooth, and shin- 
ing face of cleavage will correspond Id the form Pr + co. 
The other two forms, likewise very different froTn each 
other, though less so than from Pr -f co, correspond to 

Pr + 00 and to ! ]\¥any individuals, containing, only 

.r 2 

one very apparent face of cleavage, as, for instance, the one 
perpendicular to the axis in pyramidal Euchlore-mica, in 
prismatic Topaz, &c. besides shew traces of other forms 
of cleavage, which here likewise may serve as examples. 

But the most interesting of all tho consequences to 
be drawn from these and similar examples, is the full 
confirmation of the theory of crystalline forms, as it has 
been given in the preceding chapter. According to that 
theory, there exist forms wdiich, although they appear in 
a single face, or in two or more, in such directions that 
they cannot include the space from all sides, yet must be 
considered as peculiar simple forms. The physical quality 
of the faces of cleavage in the individuals incontestibly 
proves the correctness of that methoil of considering forms, 
which nevertheless has been merely the consequence of geo- 
metrical inquiries. 

§, 109 . foums of cleavage members of the 

SERIES OF CRYSTALLISATION. 

Tlie forms of cleavage represent members of the 
series of crystallisation of those species, from the 
individuals of which they have been extracted. 

The demonstration of thij proposition follows immedi- 
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atcljr from §. 166. For, if the faces containing a form of 
deavnge are parallel to the faces^of a crystalline form in 
the same species, the form obtained by cleavage must itself 
necessarily be similar to the form of crystallisation ; it must 
possess the same dimensions and relations, and therefore 
be capable of being substituteil for the member in the series. 
This is applicable to both simple and compound forms of 
cleavage; because nature produces combinations of such 
simple forms only as are members of the same series (§. 139.). 
Cleavage therefore extends the application of crystallo- 
graphy to the productions of the mineral kingdom, and 
enables us not only to determine the system, but also 
very often even the series of crystalJ[isation of such indivi- 
duals or species, in which crystals are either not known at all, 
or at least are not the immediate object of our observation. 
Hence the study of cleavs^ is particularly recommended 
to those who intend to apply the Characteristic to nature, 
and to acquire that degree of skill which is required for 
determining with facility and certainty the productions of 
the mineral kingdom by the assistance of the Characteristic. 

An accurate knowledge of the peculiarities of cleavage is 
moreover very useful for recognizing and completing such 
crystalline forms as occur indistinct, imperfect, cohering 
with others, &c. Some single ^es, fissures in the interior, 
striae arising from the sujperposition of laminae and other 
observations of that kind, are very often sufficient for as- 
signing the true position to a crystalline form, and by this 
means to acquire a correct knowledge of its nature. 

The preceding observations indisputably shew, that cleav- 
age in itself is a highly remarkable phenomenon of in- 
organic nature. Yet this will appear still more strikingly, 
if we consider it in connexion with the forms of ciystallisa- 
tion, in as far as they both refer to the natural-historical 
species. If we attend also to the less apparent directions 
of cleavage, or those faces which are less distinct, though 
subject to the same laws, we are led to the conclusion 
that cleavage represents the phenomenon of crystallisa- 
tion to its full extent. \ The latter is therefore not a 
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mere accident of the exterior form, but it is a property in. 
timately related to ^e existence of the species itself; and 
every one of tfae forms which it is capable of assuming, is 
deeply founded in its interior, or in the regular structure 
of the mineral ; so that a face of crystallisation is parallel 
to every direction of cleavage, and a direction of cleav- 
age, more or less distinct, parallel to every face of crystal- 
lisation of the species. The first of these results has al- 
ready been perfectly confirmed by olj^ervation. More ac- 
curate information with respect to the second wiH be ob- 
tained by future investigations of this interesting subject. 

§. 170 . DESIGNATION AND NOMENCLATURE OF*TUE 

FORMS OF CLEAVAGE, 

• 

The forms of cleavage are designated like those 
of crystallisation ; several particular cases of its oc- 
currence have been provided with appropriate verli- 
a1 expressions, for the purpose of the Systematical 
Nomenclature and of the Characteristic. 

Since the crystallographic designation of forms of crys- 
tallisation and of forms of cleavage is exactly identical ; it 
becomes necessary to indicate whether the sign refers to 
cleavage or to crystallisation. 

In the systems of variable dimension, the cleavage is said 
to be Axotomom*^ if it consists of a single face perpendicular 
to the axis, or parallel to the base of the fundamental form. 
The same expression may be employed, al\!hough, beside 
this single cleavage, others should appear parallel *to the 
axis, or including an angle with it, yet it is always required, 
that such faces should be less distinct, and thus form a con- 
trast with the single one. This observation extends also 
to the following expressions relative to iSome other pecu- 
liarities of cleavage. 


From, the axis, I cut or cleiive. 
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Cleavage is termed PrUmatoldal^ if it takes ])lace in a 
single direction parallel to the axi.^ whatever may be the 
simple form corresponding to this direction. 

It is said in general to be Mo}ioto7myiir,’^^ if it consists of 
a single face, which may be perpendicular, or inclined, or 
parallel to the axis.* 

The term Paratomoiis-^^ refers to, faces of cleavage of an 
indeterminate number, parallel to the faces of a finite 
form, and wdiich therefore are not vertical, nor perpendicular 
to tlie axis of the fundamental form. This expression may 
also be employed if the directions of cleavage correspond 
only to half the number of faces of a simple form. 

' Cleavage is termed PerUomous $, if* it takes place in more 
than one direction parallel to the axis, and if the faces are 
all of the same quality aifd perfection. The result of this 
cleavage is a vertical prism. 

If the directiQiis of cleavage arc parallel to the faces of a 
vertical oblique-angular fo2$-sided prism, and at the same 
time to, those of a horizontal one, the cleavage is said to be 
Di^prlwi(iik\ This di-prismatic cleavage and the prismatoi- 
dal cleavage is confined to prismatic, hemi-prismatic, and 
tctarto-prismatic forms. The rest may occur in any of the 
systems of variable dimensions, w^hich, if necessary^ is ex- 
pressed by Ckavage^ rhomhohcdral and jumtlomous^ &C. In 
the peri tom ous cleavage, the form obtained 7uay be a com- 
bination ; it is a combinatioji in the di-prismatic cleavage. 

'file expressions employed for the designation of the par- 
ticulars of cleavage in the tessular system, are evident from 
themselves, and tlierefore need no farther explanation. 

§. 171. FIIACTUEE. 

To break a mineral, in order to obtain its Frac* 


* From single, and rifAvu, I cleave. 

*1' From about, and rifitvat, 1 cleave. 

From rovnyl, and I cleave. 
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itirCi is to make its irregular structure appear, by 

a mechanical separation of its pai-ticles. 

• 

Every individual, cleavable or not, may be broken. Ir- 
regular structure, that is to say, fracture, may be much 
more generally observed than cleavage. Fracture, how*, 
ever, on account of the want of regularity essential to it, 
can only be of very limited use in the Natural History of 
the Mineral Kingdom. It may here be useful, from this ob- 
servation, to derive the im|3ortant consequence, tHat it is 
not a gencralUy or a varurty^ but only a regularity and coti- 
staucy in the differences occit^ting in a naturaUhistorical proper* 
iy^ which renders applicable^ and determines its value as a dis* 
tinctive character in Natural History, 

Fracture is considered here as a property of individuals, 
or of simple minerals in gcnei*al, agreeably to the principles 
of Natural History. The*^rcater part of the varieties of 
fracture, quoted in books olh IMineralogy^ bn that account 
must here be excluded, because they refer to compound 
minerals, which in lact also may be broken in pieces. 
These, however, will be considered in another more conve- 
nient place. 

§. 172 . FACES OF FRACTURE. 

The faces in which the particles of the individuals 
separate when broken, are termed Faces of Frac-^ 
ture. 


The kinds of fracture are determined according *to the 
quality of its faces. The irregularities of these faces are 
cither round or angular. The first sometimes represent the 
aspect of the inside of a shell. That kind of fracture which 
is formed by such faces, is termed the Conchoidal fracture, 
and provided with peculiar adj'ectives referring to the size, 
concavity, lustre, &c. ; all this, however, without any useful 
consequences. The angular irregularities gannot ^be com- 
pared to any thing at all. kind of fracture formed by 
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these asperities, has received the denomination of the £/>/- 
even fracture, and has been divide^l again according to dif- 
ferences in the size of its grain, but Uiis too is of very 
little value. There exists an immediate transition be- 
tween the two kinds of fracture, in which only arbitrary 
limits can be fixedi The othbr kinds of fracture, the even 
fracture, the fracture, .splintery fracture, either 
do not refer to simple minerals, or they do not belong to 
structure at all. The hackly fracture is not produced by 
breaking, but by tearing a mineral in pieces. Foliated 
fracture is cleavage ; the passage of the folia means the same as 
the directions of cleavage ; pcgular fragments are the forms 
of cleavage ; and the varieties of radiated fracture are the 
same, only referring to compound minerals. 

§. 173 , CHAEACTER OF FEACTUEE. 

The faces of fracture preserve no constant direc- 
tion. In this particular, fracture is essentially dif- 
ferent from cleavage. 

Individuals without cleavage, or with a very indistinct 
cleavage, or such individuals whose particles possess only a 
small degree of coherence, may be broken in,any direction, 
that is to say, no dircclion could be indicated beforehand, 
and determined in reference to the situation of any Jine or 
plane, in or parallel to which the mineral would break. 
Fracture, therefore, has no constant or determined direction ; 
neither C9n it be continued according to parallel planes, al- 
though, by a continual diminution in size, we may carry on 
the separation of the particles to an indeiinite extent. 

The same applies also to those individuals which allow of 
cleavage, if they be broken, that is to say, if their particles 
be separated in any other directions than those of cleavage. 

The irregular structure is very often observable, along 
with the regular structure in the same individuals. 
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CHAPTER III. 

OF SOllFACK. 

§. 174<. SyEFACE IN OENEKAI.. 

The Faces of Crystallisation (§. 28.) arc the 
most interesting and useful among all those faces 
which limit die forms occurring in the productions 
of the mineral kingdom.** 

Beside the faces of crystallisation, Tcrminoloj^ con- 
siders the Fewes of Cleavage^ of Fracture^ and of Composition. 
An explanation of the three first has been given in §. 28. 
163. 172 . Faces of Comjmition are those in which sevcyil 
individuals touch one another ; they belong to the indi- 
viduals (§. 158.), and therefore require to bo considered in 
this part of the work. Besides, it is necessary to attend to 
the difference existing between these faces of composition, 
and those of crystallisation, of cleavage, and of fracture, 
in order to distinguish forms contained only under faces of 
tAis kindf from such as are contained under faces of crys- 
tallisation, of cleavage, or of fracture. This will in parti- 
cular be necessary if we have to consider individuals, 
limited merely by faces of composition, by themselves or 
singly, and in their original connexion with others. 

Of all sorts of faces, the most interesting ones are thocc 
which are even, since, in the mineral kingdom, the aneven 
faces are not subject to any constant law, not being curved 
like the surface of the geometrical solids, the sphere, the 
cone, or the cylinder. The only even faces are the faces 
of crystallisation and the faces of cleavage. The latter 
exhibit very little remarkable differences in their quality ; 
wdiile the former shew a peculiarity, the more deserving of 
consideration, because it is closely coniiqcted with the 
phenomenon of crystallisation ftsclf. The faces of crystal^. 
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lisiitloii, tlierelbre, will form the most interesting subject of 
our jirescnt inquiries. * 

The different qualities of even facQs consist in their 
being either smooth^ without elevations or depressions ; or in 
their being provided with certain elevations and depressions, 
which, however, are so faint, i.hat the general appearance 
of evenness and continuity of the/aces is not affected by 
their occurrence. Smooth faces also are called perfect, 
particularly if they refer to cleavage ; and cleavage is said 
to be the more perfect, the more its faces possess this 
property. This is at the same time the reason why smooth 
faces of cleavage are commonly much more easily obtain- 
ed, than such as shew opposite properties. 

The quality of irregular faces likewise depends upon the 
greater or less degree of smoothness of its inequalities ; and 
according to this measure in particular, the conchoidal frac- 
ture is said to be more or less perfect. Tlie insensible dimi- 
nution of this perfect smoothness produces the passage from 
the conchoidal fracture into the uneven fracture (§. 172.). 

T'he intensity or the degree of lustre of the faces, is 
proportional to the degree of their perfection. 

Those faces wdiich are not smooth, may be striated^ or 
or drusy. The most remarkable of these are the 
striated faces. 

§. 175. STllIATED FACES OF CRYSTALLISATION. 

The StJ^iw upon the faces of crystallisation arc 
produced by the alternating rc-appcarance of the 
faces* of those simple forms, which arc contained in 
a compound one, and they are always parallel to 
edges of combination. 

One of the forms most commonly occurring in rhombo- 
hcdral ^Quartz, is the combination of the regular six-sided 
prism, with an isosceles six*-sided pyramid, V. P + w. The 
faces of the prism are strealced horizontally, if the forms 
be brought into the upright position. 
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These striae are produced in the following way. Instead 
of the faces of the pyramid, P, Fig. which in 
the perfect combination would continue Avitliout being 
interrupted from the edges of combination to the apices, 
the faces of the prism r, r' re-appear. These faces, how- 
ever, do not reach very far, but • are again exchanged 
for the faces of the pyramid, which in their turn must }'ield 
to the faces of the prism, and this alternately, till at last 
the faces of the pyramid meet in the apices, as it is repre- 
sented in Fig. If now we suppose the faces altogether, 

and more particularly those of the i)yramid, to become very 
narrow, we may form an idea of those delicate stria', which 
are so often met wi^h in nature. It is, however, not Very 
rare, to be able to observe immediately tlie formation of 
the stria?, on the large scald now described, which per- 
fectly confirms the above explanation. 

It is evident, that the stite thus produced must be pa- 
rallel to the edges of combination between tlie faces of tlit? 
pyramid and those of the prism ; because the faces of tlioso 
forms alternate in their edges of combination. 

The situation of the faces (vi/. those of the prism), is 
indeed altered by these stria? ; yet this is inconsiderable if 
the striie become very delicate, and the more so, if those 
faois which belong to the opposite ai)ex of the pyramid, 
likewise alternate with the former, and exercise their in- 
fluence upon the streaking, as may be seen in Fig> 74. It 
will require some attention if \vq have to apply .nieasuiing 
instruments to crystalline faces disfigured by these striie. 

Another very remarkable example of striated faces oc- 
curs in hexahedral Iron-pyrites, in the combination qf tlie 
hexahedron, and of the hexahedral pentagonal-dodecahe- 
dron. Vol. II. Fig. 1C5. Ill this example, the striie are 
jiarallel to the edges of combination ; hence they are parallel 
to each other upon parallel faces, and perpendicular to each 
other upon such faces as arc not parallel. If, instead of the 
hexahedron, the form combined with the dodecahedron is a 
trigrammic tetragonal-icositctrahedron, whose characteristic 
angle is equal to the characteristic edge of t'lic dodecahe- 
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clron, the stria? produced upon the faces of the latter, are 
parallel to perpendicular lines, wjiich may be drawn from 
the single plane angle of the faces towards the opposite 
edge ; upon the faces of the icositetrahedron, the striae are 
parallel to the longer one of those edges, which join two 
different solid angles formed* by four faces. It would be 
superfluous to mention here any more examples ; for every 
case referring to this subject may be explained with as 
great facility as the preceding combinations of rhombohe* 
drill Quartz, and of hexahedral Iron-pyrites. 

The curvature of the faces (g. 159.) sometimes is pro- 
duced by streaking. Thus, -in rhombohedral Tourmaline, 
the three-sided prisms, with coiivest^ faces, are produced by 

numerous stria? between the faces of — — (/)and P-h oo (s), 

Vol. II. Fig. 138. 

The streaking of the faces may be very useful in finding 
out those which are homologous, since homologous faces al- 
ways shew similar occurrences of this phenomenon ; a fact 
])roved by numerous examples in rhombohedral Lime-ha- 
loide, ill dodecahedral Garnet, &c. 


§, 176 . DIVERSE QUALITIES OF THE FAC^S OF 
CRYSTALLISATION. 

The property of the surface of crystalline forms, 
designated by the terms rough and drusy^ arises 
from elev/itions projecting from the laces of crys- 
tals; They differ from each other only in the size 
of the elevated particles. 

In the species of octahedral Fluor-haloide, octahedral 
crystals, sometimes of considerable size, seem entirely to 
consist of minute hexahedrons. The faces of such octahe- 
drons cannot be planes;^ but they consist of the faces of 
the hexahedrons, which are perpendicular upon each other ; 
in such situations, that a plane passing through their solid 
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angles is parallel to the face of the octahedron. The more 
the size of these hexahedrons diminishes, and consequently 
the more their number increases, the more the &ces them- 
selves will assume the appearance of exact planes. They 
are said to be drusy^ if the asperities upon the faces are still 
easily distinguishable ; th«y are tcrnted roughs if they may» 
only be perceived with difficulty, or if the existence of such 
asperities merely can be inferred from the want of lustre of 
the resultant faces. 

The faces of the hexahedron exhibit in the same species 
a phenomenon connected with the former, which in many 
respects is very remarkable.^ They are sometimes covered as 
it were with small y^ry flat four-sided pyramids, whose late- 
ral edges arc parallel to the edges of the hexahedron ; and 
of which only the upper part iS visible. The faces of these 
pyramids are the faces of the hexahedral trigonal-icosite- 
traliedron, a form not unconfmoli in this species. If they 
become very minute, they may render the faces drusy oi 
rough, or they may produce strut* parallel to the edges of 
the hexahedron. 

Another very remarkable fact, which in particular is 
very often met with in rhombohedral Quartz, must be 
classed along with the preceding peculiarities. Many crys- 
tals of the same form, P. P + appear as if grouped pa- 
rallel to each other, or round a larger crystal of the same 
form. Exact parallelism is here understood, as it is in 
every occurrence of this kind. Sometimes, however, the 
aggregation of crystals of rhombohedral Quartz depends 
upon regular composition (§. nO.). The preqpding obser- 
vations, in respect to striated surfaces, as to the quality of 
homologous faces, applies likewise to such as are rough or 
drusy. 

Those particles which project from the faces of the 
crystals, must not be considered as single individuals ; and 
crystals with drusy faces therefore are not compound mi- 
nerals. They indicate rather the gradual progress of the 
formation of crystals, from the interruption in which they 
arise. If we suppose in the octidiodrons of octidiedral Fluor- 
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haloide, homogeneous matter of the crystal to fill up the 
interstices between the faces of those minute hexahedrons, 
so that the formation is terminated ; no character remains 
by which a crystal thus formed could be distinguished from 
a simple mineraL We may imagine that, in the progress 
of the formation, a dimple mireral may give rise to a com- 
pound one ; but it is utterly impossible that a simple one 
could be formed out of a compound mineral. Crystals 
with drusy faces may consequently be simple minerals. 

§. 177 . FACES OF COMPOSITION. 

The quality of the faces' of coipposition is acci- 
dental. 

The faces of composition sometimes arc even, yet this is 
very rave. Even face» 6i composition may easily be dis- 
tinguished from faces of cleavage, because those particles 
which are contained between two faces of composition, can 
no more be cleaved in the same direction ; provided they 
do not jiosscss besides a cleavage of that kind ; in this case, 
however, the quality of the two kinds of faces would suffice 
lor their distinction. 

'I’hey are rarely smooth ; and if this happens, wc find it 
only in single, not continuous parts of the faces. jNfore 
commonly they are streaked; but tlic striio are irregular, 
without any determined or constant ilirection. Very otten 
we meet with rough faces of composition, their lustre 
being of a very Jpw degree, or even sometimes entirely 
wanting ; this may be used as a distinctive character be- 
tween the faces of cleavage and those of composition, if, in 
a mineral, these two kinds of faces should happen to be pa- 
rsffiel. I^astly, they often are uneven, or contain more or 
less considerable elevations and depressions. Faces of this 
kind must not be confounded with uneven faces of fracture ; 
this, liowever, may be very easily avoided by comparing 
them with real faces of fracture in the sanje individual. 

The character by wtiirh the faces of composition cssen- 
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tially differ from those of crystallisation and of cleavage, 
consists in the circumstance, that generally they preserve no 
determined direction, and do not produce any regular forms. 
Here we must except those faces, in which parallel indi- 
viduals touch one another, or those which depend upon re- 
gular composition, and which will afterwards be considered 
more at large (§- 179.). These faces, indeed, preserve a con- 
stant and determined direction, and are occasionally of a 
peculiar degree of evenness, although, in other respects, 
they possess all the properties peculiar to faces of composi- 
tion. 

Very often the individiials cohere so very strongly in 
their faces of composition, that they will rather separate 
in faces of cleavage or of fracture, than in those of compo- 
sition. If the individuals, on account of their minuteness, 
withdraw themselves from observation, or become im- 
palpable, the faces of compo'kition likewise disappear. It is 
evident, from the preceding observations,^ that by this pro- 
cess a compound mineral can never be transformed into a 
simple one. At all events, we must carefully distinguish 
between the faces of composition and those of crystallisa- 
tion and cleavage, the first of which are present in every 
compound mineral. 


VOL. 1. 
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SECTION 1,1. 

THE NATUttAI,-mST01lICAL PROl'ERTTKS OP COM- 
POUND MINERALS. 

§. 178 . REGULAR ATn’D IRREGULAR COMPOSITION. 

The mode of composition in which the indivi- 
duals of tlie mineral kingdom appear, is said to be 
regular, if the form produced by their connexion 
is a'regular one, and if this regularity is a neces- 
sary consequence of the composition ; if the con- 
trary takes place, the composition is said to bo 
irregular. 

i. 

If two or more hoinogenecus indivitliials join in a coin- 
jioimd form, regularly and symmetrically, at least if duly 
completed; the composition is in every respect cr feet ly 
determined. For we may indicate, with the greatest accu- 
racy, in which faces of the simple forms, or in which plane 
the individuals cohere, even though this jilane should not 
he parallel to a face of any simple form of that siiecics 
to which the individual.s helong. In general wc may ob- 
tain the situation of the individuals required or necessary 
in ordeh to produce the compound form. A composition 
of this kind is said to be regular. 

The ccfiiipositioii is irregular, if the forms are not con- 
nected in the manner now described, and if, therefore, 
they do not jiroduQc any regular or symmetrical forms. 
Two or more individuals joined in this way, are said to bo 
merely aggregaiedf an expression which intimates, that there 
is no regularity in their composition. 

There are compound minerals, which afTcct regular ex- 
ternal forms, although their composition is in fact irre- 
gular. The regularity of the form in such cases evidently 
docs not follow from the/omposition, but it must originate 
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from something which is foreign to the mineral. Compo- 
sitions of this kind^cannot be called regular in the sense 
of the word nojiv explained. 

§. 179 . REGULAR COMPOSITION. TWIN-CRYSTALS. 

The regular composition of two homogeneous 
individuals, joined in one crystalline form, has 
been designated by the name of a Twin~Crystal. 

It is unnecessary to consider by themselves regular com- 
positions of three, four, five, or more individuals, because, 
although compositions of that kind, according to several 
laws, should take jdace in nature, yet they always can be 
reduoed to, and ex<daine<l by \he regular composition of two 
individuals. 

The property peculiar to the twin-crystals consists in 
the close and exact connexion of the; Face of Compo^ 
slilon (§. or that in which the individuals j'oin, with 
the scries of crystallisation of the species. The face of 
composition is either parallel to the face of a form belong- 
ing to this series, or it is perpendicular to a certain edge. 
The situation of the two individuals themselves is obtain- 
ed, if we first suppose both to be in the parallel ^losition, 
and then turn one of them round a certain line, likewise of 
a determined direction, under an angle of 180% while the 
other remains unmoved. "J'his line is termed the Axis of 
llevohition. It is either perpendicular to the face of com- 
position, or it coincides with this face, while.it is parallel 
to a crystallographical axis of the individual. The wangle 
of 100'’ is the Angle of Rcvolulwn, 

These properties are necessary to, and characteristic 
of, the twin-crystals, which are very easily distinguished 
from any other compositions occurring in nature, in which 
the junction of two or more individuals takes place in other 
faces and in other directions, the aggregation of the indi- 
viduals being accidental. ^ 

It is moreover necessary that the individuals be hoinoge- 
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neous. Two individuals not homogeneous, even though 
they were supposed to possess the ^me form, and to join 
according to some rule, can never produ/^e a twin-crystal ; 
they cannot be considered as compound, but must be classed 
among the mixed (§. 14.) minerals. 

The forms of th^ single inidividuals of a twin-crystal 
must therefore contain members o£ one and the same series 
of crystallisation : They may be simple forms or combina- 
tions. Commonly they either are or both contain the same 
meihbers, so that in most cases the forms of the two indi- 
viduals may be considered merely as parts of one and the 
same crystalline form, part af which only has assumed an 
extraordinary yet determined situation. 

This has been the foundation of another method employ- 
ed for explaining the form o*f regularly composed individuals. 
A plane is imagined to bisect in a determined situation the 
form of the simple mineral, *and one of the halves to be 
turned in this, plane through a certain number of degrees, 
while the other remains in its former situation. The num- 
ber of degrees is equal to half the circumference, or = 180°, 
hence twin-crystals considered in this point of view, have 
been called Hcmitrope Crystals. 

The change in the situation, which is produced in the 
parts*of the combined individuals, occasions, under certain 
circumstances, the production of angles greater than 180°, 
which are not to be met with in the forms of simple indivi- 
duals as, considered above. These angles arc said to be rc^ 
entering or re-entrant ; and they are commonly taken for a 
character ^f a twin-crystal, or of a hemitrope one. 

Angles of this kind, however, greater than 180°^ may 
arise if two individuals of a species' of the same or of dif- 
ferent forms, are joined in a parallel position ; as, for in- 
stance, in rhombohedral Quartz, where it sometimes happens 
that two crystals of the common form have all their faces pa- 
rallel, and the axis of the one in the prolongation of the axis 
. of the other. The product, nevertheless, must not be con- 
sidered as a twin-crystal, or as a hemitrope one. The two 
apparent individuals in ar composition of this kind, form parts 
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uf a single one ; and the whole is nothing else, but a parti- 
cular case of those mentioned in the explanation of the striae 
(§. that^is to say, it is an alternating repetition of 

the faces of the simple forms contained in the combination. 

On the other hand, we find real hemitrope or twin- 
crystals, which yet do n^t contain Any re-entering angless 
because the existence^ of these depends upon the situation 
of the faces of the simple forms. It is not the re-entering 
angles, therefore, that form the essential character of the 
twin-crystals, but the situation of their difierent parts, 
which cannot be explained without assuming that they are 
formed from the composition of two individuals. 

The law according to which twin-crystals are formed* may 
also be expressed by crystallographic signs ; since it is re- 
(luired only to mention the ^tuation of the axis of revolu- 
tion and the plane of composition in reference to the crys- 
talline forms occurring iif a species. For this purpose 
the crystallographic sign of the face, pai^allel to which tlie 
regular composition takes place, is included in braces ; 
the direction of the axis of revolution is added to it, and 
separated by the sign : , if it should not be perpendicular 
to the face of composition. 

After this general consideration of twin-crystals, a few 
examples will be sufiicient for illustration, in so 7ar as is 
required for our purpose, and for exemplifying the em- 
ployment of the crystallographic signs. 

Suppose tJie face of eonipositian to he parallelm to a face of 
crystallisation^ and the aa;is of revolution^ perpendicular to i/, to 
heat the same time an axis of crystallisation. 

If we join two octahedrons in a parallel position in such 
situations, that they come into contact with their own faces, 
the face of composition will be parallel to one of the faces 
of the octahedrons, and one of the rhombohedral axes will 
be common to both these forms. Although the faces of 
one of them produce re-entering angles with some of the 
faces of the other, yet the assemblage of the two octahe- 
drons cannot be considered as a twin-crystal, because the 
faces of the two forms are exactly parallel to each other. 
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This must be referred to the case explained al)ove in the 
examples of octahedral Fluor-halpide, and rhonibohedral 
Quartz. 

Turn noiv one of these octahedrons round the common 
rhombohedral axis through an angle of 180'*, this axis being 
considered as the axis of revolution, while the other re- 
mains unmoved ; the face of composition being perpendi- 
cular to the axis of revolution. A twin -crystal will now 
be formed, because the individuals can no more be consi- 
dered the one as the continuation of the other, since their 
respective homologous parts have assumed a different, yet 
determined situation towards each other, which is the pe- 
culiar character of a twin-crystal. The faces of the one 
produce re-entering angles with those of the other, equal 
to double the edge of tlTe octahedron, or = 218'* 56' 32" 
a- SCO** — Ur 3' 23". 

The same result is obtained, if we bisect an octahedron 
by a plane through its centre, parallel to two of its faces, 
or perpendicular to one of its rhombohedral axes, and allow 
one of the halves to make a revolution of 180° round that 
rhombohedral axis, upon which the section is perpendicular, 
while the other half remains unmoved. The plane of the 
section is the face of composition itself. 

In”the preceding case, the term twin-crystal is more ap- 
propriate to the first, that of a hemi trope crystal, more to 
the last mode of explanation. The first supposes that every 
twin-crystal consists of two diiberent individuals, which re- 
quire to be joined in a certain determined situation, in 
order to, produce the compound crystal; the other sup- 
pases only one individual, in which the situation of some 
of its parts has undergone a regular change by an opera- 
tion which can never have been employed by nature. This 
is the reason why the first, and the name twin- crystal re- 
ferring to it, has been preferred in the present work, to that 
of-a hemitrope crystal, particularly since it is applicable 
to many cases, where the latter term would produce an 
erroneous, idea. The expression regular composition being 
more general than eithVr'-of them, is very olleii useful in its 
application. 
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The above mentioned twin-coastals occur in octahedral 
Iron-ore, in octahedral and dodecahedral Corundum, &c. 
Vol. II. Fig. ^5C. Its crystallographic sign is 

Instead of the octahedrons, we may substitute two hexa- 
hedrons, without changing any thing in the law of compo- 
sition ; the resulting t%in-crystal* will have its face of 
composition parallel ^o a face of the octahedron, and that 
rhombohcdral axis, which is common to the individuals, 
for its axis of revolution. The re-entering angles are 
= 250" 31' 44" = 300"—. 109® 28' IG". 

llegular compositions of this kind are found in hexahe- 
dral Lead-glance, also sucl^ twin-crystals as result from com- 
binations of the hexahedron and the octahedron, or *other 
forms of the species. The crystallographic signs of the 

first are H, {?} ; of the second H.O, }• 

The dodecahedron, if substituted instead of the octahe- 
dron* produces similar twin-crystals, which are found 
octahedral Diamond, dodecahedral Garnet-blende, &c. 
Vol. 1 1. Fig. 1 G3. Their designation is D, { 5 } . 

If we join two rhombohedrons in a transverse position, 
the principal axis being the axis of revolution, the twin- 
crystal produced will be of the same kind as the preceding 
ones, which becomes evident, if we imagine a iphombohe- 
dron to take the place of the above mentioned hexahedron. 
The face of composition, which is perpendicular to the 
rhombohodral axis, ar^, as such, analogous to^ that of the 
octahedron, is parallel to 11 — co. We may now substi- 
tute any finite rhombohedral form, for instance (P)*S or 
any combination of rhombohedrons, pyramitls, and^prisnis, 
instead of the rhombohedron ; and the result will yield 
forms of the same kind, of which many examples are 
found in rhombohedral Lime-haloide. Vol. II. Fig. 129. 
The crystallographic sign of this regular composition is 
(P)»,{R_co}. 

liCt every thing be as before, only the axis of revolution 
not parallel to an axis of crystaUisation, 

Twin-cr 3 'stals of this kin^ate produced, if two rhombo- 
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hedrons of the form It + n join in their own faces, so 
that their axes include an angle. They are brought into 
this situation by supposing the axis of revolution to be 
perpendicular, the face of composition parallel, to one of 
the laces of H + n. Of this composition, the sign is 
The law* of composl^tion remaining the same, 
we may substitute in the place of rll + n, any one of the 
forms R + n + 1, R + n — 1, R -f od, &c. ; in short, every 
member of the series of crystallisation derived from R + n, 
and fevery combination which they possibly may produce. 
On the other hand, we may likewise alter the situation of 
the face in which the indivjiduals join ; and, provided it 
does not coincide with R — oo, the resultant twin-crystals 
still belong to the present section. Nature produces 
many examples of tjiis law ; for instance, in rhombohedral 
Lime-haloide, R — . 1 composed in the face of R, of which 
the crystallographic sign is R — I?!?}* the combina- 
tion R 00 . R + oo, composed in the face of R, Vol. II. 
Fig. 132., or in the face of II — 1, VoL II. Fig. 133., the crys- 
tallographic sign of the former being R — oo. R + oo,|5} 5 
that of the latter, R — oo. R + It, in the 

face of R — 1, designated by R }• Vol. II. Fig. 130.; 
(P.)3, in the face of R + ^, which is designated by 

The pfesent law is not confltlcd to the rhombohedral 
system. The pyramid V in pyramidal Copper-pyrites, if 
composed J/i one of the faces of P, produces a twin-crystal, 
ver^ much resembling that of the octahedron in octahedral 
Iron-ore, but ditlering from it, in as much as the axis 
of revolution In pyramidal Copper-pyrites, is not at the 
same time an axis of crystallisation. Its sign is P, { ^ } . In 
the common twin-crystals of pyramidal Tin-ore two in- 
dividuals of the crystalline form P + 1, or P 4* 1* [P + oo], 
arc joined in a face of P ; the axis of revolution is 
perpendicular to this face, and is not an axis of crystallisa* 
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tion. The eryetallographic ^gn becomes P + 1 or 

V + 1. [l> + «],{?). 

Sometimes the faces of infinite forms are faces of com- 
position. Thus, in paratomous Augite-spar f:he crystalline 

V X. 

form — . (Pr + oo)®. Pt + 00 is composed in tlie face of 

2 * 

f’r + 00, the axis of revolution being perpencTicular to this 
face. The re-entering angles are produced by the hemi- 


prisinatic form 


The crystallographic sign of (his re- 


gular composition is (Pr + co)“* Pr + oo, + oo}. 

llemi-prismatic Augite-spar gives a similar example. The 
form is i . — — . (Pr + oo)®t Pr + oo, the face of composi- 


tion is parallel to Pr 4- and the axis of revolution per- 
IKmdicular to it. This composition, however, by a curious 
anomaly, commonly does not present any re-entering angles, 


although they should occur, both on account of and 

2 



To this class likewise belong the well known gruciform 
twill-crystals of paratomous Kouphonc-spar and prismatoi- 
dal Garnet. The crystalline form of the first is P. Pr -f cd. 
Pr -H 00 ; the face of composition is P + co, and the axis of 
revolution is perpendicular to it, Vol. II. Fig. SO., without 
the faces t. The form of the other is P — oo. P oo. 
Pr + 00 ; the face of^composition is one of thtf faces of JPr, 
and the axis of revolution is perpendicular to it. * 

We may observe, in respect to the latter two twin-crys- 
tallisations, that they represent in some measure the double^ 
of what we have seen in the preceding cases, so that a more 
symmetrical assemblage of the two individuals is produced, 
which is not the case with the greater number of the other 
twin-crystals. This peculiarity is owing to the circuni- 
st^ince that the individuals do not tejrniiiiatif at the face of 
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composition, but that they are continued beyond it, which 
causes their cruciform aspect In the crystallo;^raphic sign 
of similar compositions, thl^Omber 2 is prefixed to the 
sign of the lace of couiposition. Thus the twin-crystal of 
l)aratomoiBi Kouplione-spar is expressed by P. i*r -H os. 
Tr + 00 , that of prkmatoidal Garnet by P — co. 


r + 


00 . f r 4- 00 , 2 



Othfir systems present similar 


occurrences, as, for instance, one of the most remarkable in 
the' hexahedral pentagonal-dodecahedrons of liexaliedral 
Iron-jiyrites. ' 

The crystallographic sign .of the cruciform pentagonal- 

dodecahedron is —, the face of composition being 

2 

one of the fages of the dodecahedron (§. 08,). 

Another kind of twiiK*crystals results, if the face of corrim 
pontUm u perpentUcnlar to an ed^c of the vrystaUiuc fortn^ and 
the axis of revolution parallel to this edge^ or, which is the same 
thing, perpendicular to the face of composition, llhombo- 
hedral lliiby -blende alfords examples of this law ; the crys- 
talliiie form H — 1. P + co is composed in a face perpen- 
dicular to one of the terminal edges of Jl — 1, or to the 
inclined diagonal of 11 — 2, the axis of revolution being 
paratlcl to this line. V ol. II. Pig. 189. The crystallographic 
Mgn is R — 1. P + OD, { " where R — 2. R — 1 

indicates those edges, which jfilf the same time lie in the 
planes of R — 1, and of R — *2. 

According to this law may be explained the twin-crystals 
of di-prismatic Lead-baryte, priAatic Idme-haloide, pris- 
matic Melane-glance, &c., whenever they assume a cruci- 
form aspect. Under these circumstances, the present law 
is as it were cbmplemeiitary to the preceding one, and 
either of them may be applied, although iii many cases the 
preceding one will be found more simple. The law of the 
composition of di-prismatic l^ad-baryte, Vol. II. Fig. 38., 
jnay therefore be expressed either by 2{Pr}, or by 
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2IP. PrJ; of which the former iiidiciites the face of com- 
position to be parallcj to ho^ the faces of the horizontal prism 
Pr, while the hitter refer ^faces of composition perpendi- 
cular to those edges of P, in which the pyraniid is touched 
by the faces of Pr. The continuation of tlie individuals 
beyond the faces of cofliposition produces the identity of 
the results of the twf laws. 

Prismatic Feld-spar gives an ijjitcresting example of an- 
other law of regular compositiorr, in wliicli the face ofconipo* 
uition is parallel to a face of crystaUlsariou^ biip the a.vis^cf rcvo~ 
hi lion lies in the. same face^ and ^dneides ^;wUli,an axis of the 
crystallmc form. Its crystalline form i# the combination 

(Pr + cs)“ ^'7). Pr + oj(M). 

Vol. II. Pig. Cl. The face of composition is Pr + co ; the 
axis of revolution is situated inS't,, and parallel to the prin- 
cipal axis of P. After having placed two crystals of this 
form ill an upright and parallel positioiif we must turn tRe 
one round its vertical axis, while the other remains un- 
moved. In the position thus produced, the Junction of the 
two individuals wdll produce a twin-crystal. Jsut we may 
join them either with those faces of Pr + 00 (Af), wliich are 
situated to the right, or with those which are situated to the 
left of the face ?/, which is conceived to be turn 0*5 towards 
the ob.server, and contiguous to the upjier apex of the 
form. Tlic product in the first case will be the twin- 
crystal represented, II. Pig. ftO., and its crys- 

tallographic sign iJLLjIL!!. — (Pr -h co)®. Pr -f 00, 

{ r, Pr + CO : Pr + 00. Pr + co } ; the product of the s&ond is 

5 Pr + 2 

the twin-crystal, Vol. II. Pig. Cl., and its sign 5 — 

2 

— ii!-. (rr -H co)®. Pr 4 - cc,{l,Pr -f 00 : Pr + co. Pr -f coj. 

2 

The first part of the expression within the braces, indicates 
the right or the left face of Pr -f co to be the face of com- 
position, while the second jxpress||i,the direction of the 
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axis of revolution by tVie edge produced between Pr + oo 
and Pr + oo, which is parallel to the axis of P. 

Cleavage confirms to thef' full extent of its application, 
every thing that has been said here on the subject of twin- 
crystals. !F%r it is possible to extract from the twin- crystals 
compound forms of' cleavage, m which those parts which 
belong to one individual represent Jhe real forms of cleavage 
of the species. 

§. 180. IRBEGULAK COMPOSITION. GROUPS AND 
GEODE OF CRYSTALS. 

If several loose or imbedded crystals are merely 
aggregated (§. 178.), so that the one becomes the 
support of the other, while there exists no general 
support; the assemblage is termed a Groupe of 
Crystals ; if, however, several crystals of that kind 
arc hxed to a common basis, so as to produce a ge- 
neral support for them all, the assemblage is said 
to be a Geode (f Crystals. 

The difference between these two sorts of assemblages 
is the same as that existing between an imbedded and an 
implanted crystal. 

There is sometimes a certain^prder observable in these 
gi*oupes‘of crystals, although this is never geometrical re- 
gularity (§. 17fl0? regular form is produced in the 

assemblage. Both the groupcs ant|l tlie geodes refer only 
to (compound minerals, never to such as are mixed. 

These compositions consist of individuals of considerable 
size, which, therefore may be very easily recognized ; they 
assume always their regular form, as soon as they are dis- 
engaged, or cease to touch other individuals. Upon these 
assemblages is founded the explanation of several forms of 
compound minerals found in nature. 
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§. 181 . IMITATIVE SHAPES. 

The shape of a compolind mineral is called 'an 
imitative or particular external Sliape^, if it hears 
some resemblance to the shape of another natural, 
or artificial body. Some of these forms are pro- 
duced in a space not incumbered with matter, and 
depend upon the properties peculiar to the minerals 
themselves, without being influenced by any con- 
tiguous matter ; others owe their shape to that 
extraneous or foreign matter, with which they 'are 
surrounded. The latter of these have been called 
extraneous imitative Shapes. 

The groupcs and geodes are the simplest modes In wliiclj 
the irregularly compound minerals appear in nature. If 
the individuals thus connected are diminished in size, and 
if their number at the same time increases, imitative 
forms are produced from the groupes of crystals ; which, 
although tliey are founded in the nature of the individuals 
themselves, yet cannot be employed to any usefu^iuriiose 
in Natural History. The extraneous imitative forms can- 
not be brought into any connection with these groifpes 
at all ; they do not depend upon the natural forms of 
the individuals ; on the;%ontrary, in most cases where they 
are observable, we find them quite contradictory to the na- 
ture of the individuals which they contain. Kor in these 
Uie form depends entirely upon the shape of the space pre- 
viously existing, and is accordingly entirely accidental. 

§. 182 . IMITATIVE SHAPES ORIGINATING IN THE 
GROUPES OF CRYSTALS. 

The imitative shapes which originate from the 
groupes of crystals, arc loose or imbeilded, aiul 
more or les.s regular, globul4:( or spheroidal masses. 
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?i‘ tlij h:vl;\ Lliuila coniicctL'd with e;idi other become very 
small, blit join in a great number into a groupe of crystals, 
f^hb.'da.r forms result, whiclf are sometimes perfect, some- 
times very imperfect. Their suriiicc is ilrusy, or covered 
with asperities, where it has not been disfigured in its 
formation, or by subsequent iJ^jcidental circumstances. In 
their interior we- may still discover the direction of the 
constituent individuals, which, in most cases, corresponds 
to the direction of the radii of a sphere ; they begin in the 
ceiiire, and terminate at the surface. Imbedded globular 
shapes, like imbedded crystals, are complete on all sides, 
and leave an impression of .their form in the mass from 
W'hich they have been detached. 

Several globular masses of this kind, if attached to one 
another, may produce reniform and botryoidal shapes, 
which, however, require to be distinguished from those de- 
scribed in §. 'IIVX 

'rho loose or imbedded globular shapes dilfer from gi*ains 
and angular masses (§; ICO.), in as much as they are not 
simple minerals. Examples of imbedded globular shapes oc- 
cur in iirismatic Iron -pyrites, in prismatic Azure-malachite, 
and other species ; the same Malachite presents also reni- 
fonn and botryoidal shapes formed from imbedded crystals- 

§. 183. IMITATIVE SHAVES ARISING OUT OF THE 
GEODES OF CRYSTALS. 

There are three different kinds of imitative 
shapes rcsfidting from geodes of crystals : 1. Those 
in wliich the individuals spring from, or ai’e attached 
to a common point of support ; 2. Those in which 
the individuals form one the support of the other ; 
and 3. Those in which the support is cylindrical, 
sometimes a simple line, sometimes a tube. 

Among those of the first division we find the implanted 
gMuhr shapes. They arl^^v, if very thin, capillary crystals, or 
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in (general, such as have one of their dimensions considerably 
surpassing the others^ are fixed wit!} one of their ends to a 
common point jf support, fi*om which they diverge in every 
direction. The mode of the formation of such globular 
shapes is more apparent, if the number of the individuals 
is not so great that they touch eacli other on all sides. 
The implanted globides must necessarily be incomplete, 
because the implanted crystals of which they consist, are 
themselves incomplete, and therefore they leave no im- 
pressioii when detached from their support. Orobular 
shapes of this kind occur very frequently in prismatic 
Koui)hono-spar, in macrotypous Lime-haloide, in prismatic 
Ilal-baryte, &o. 

If, during the formation of several globules, they come 
into contact with each other, there will arise reniform and 
holn/oidal shapes, which therefore are nothing else than 
several implanted globules* joined togetlier. The single 
globules are separated from each other by faces of composi- 
tion. llhomboliedral Iron-ore very often allects shapes of 
this description, in which species they are known under 
the name of IIwmatHcs. They occur also in the varieties 
of rhombohcdral Quartz, called Calcedony. In these very 
often the individuals are so delicate, that they withdraw 
themselves from observation. 

Into the present class belong also the frutU ose shapes, 
which possess some resemblance with parts of certain 
plants, and most of those commonly called dcikdrUivy the 
latter of which may penetrate throughout the wlude mass, 
or only be superficial. 

The second division contains, among others, the 
fiirmy the fiUform^ and the capillary shapes. These arise, if 
one implanted crystal is the support of another, this of a 
third, and so on ; so that rows of such crystals are pro- 
duced, as we may observe them very often differently bent 
in hexahedral Silver, in octahedral Copper, and also in 
octahedral Iron; in the last of these, however, tliey have 
not yet been found disengaged. If the crystals join so very 
intimately, tlial it is no longor.3possible to distinguish them 
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from each other, thojge iml^tive shapes result, which arc 
not unfreqiiently with in the above ment^ned species. 

Sometimes several rows^4^ individujils thus composed 
join within one and the aatM plane in certain constant di- 
rections, so that the individuals of the one of/ these series 
do not join with those of the bther, but remain separate, 
'riius the dendritic shapes are produced, of which most dis- 
tinct varieties occur in hexahedral Silver and hexahedral 
Clold. The same minerals evidently shew the formation 
of ihe dendritic, as also that of the dentiform, filiform, 
and capillary shapes, in those varieties where the indivi- 
duals constitutinfr them still .may be distinguished in the 
compositions. To this division belong also some of the 
superficial dendritic shapes formed in fissures. 

if the rows of individuals, thus arranged, approach so 
near each other that they at last meet, so as to form a con- 
tinuous mass, they are said to occur in the external shape 
of leaves or mcrihranes^ which are among the most common 
shajies found in hexahedral Gold, where they exhibit va- 
rious modifications. In some of them we may still discern 
the individuals ; in others there are striae in certain direc- 
tions, indicating their composition, so that their mode of 
formation docs not remain doubtful. From external shapes 
of this des^ption, we may infer that those likewise whose 
Smooth surraccs no longer present any traces of composi- 
tion, are yet owing to the aggregation of several indi- 
viduals. 

Compound minerals, like those now described, may 
again join in a new composition, in which consecpiently the 
individuals arc arranged in the direction of different planes ; 
in most cases at right angles to each other. Thus the rc- 
ticnlated shapes arise, of which the most distinct specimens 
occur in octahedral Cobalt-pyrites. In these very often 
the composition itself is still observable. Some of the re- 
ticulated forms, however, allow of a different explanation, 
if^ instead of rows of individuals, they consist of capillary 
crystals, like those of peritomous Titanium-ore. 

The third division comprehends the stalactUiv and coraUoidal 
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shapes. The first of these consist of individuals which are 
to every point of a stt^ght cylindrical or linear 
support in its whol# circumference, as appears from many 
examples in prismatic Iron-ore, in prismatic Iron-pyrites, 
where the composition commonly is still observable, and in 
the varieties of rhomb^hedral Quartz, called Calcedony, 
where the individuals no longer can be distinguished. On 
a very large scale they are not uncommon in limestone 
caves, and consist of varieties of rlioinbohedral Lime-ha- 
loide. The coralloidal shapes consist of individuals meUned 
at an angle to their support, which, although linear, is not 
straight ; they are fixed upon this support in every part of 
the circumference, exactly as is the case in the stakctitic 
shapes. This sort of imitative shapes occurs not unfre- 
Kiuently in prismatic LiincShaloide, particularly in those 
varieties which have been called Flos-ferru 

There occur many more* imitative shapes in nature than 
those contained in the preceding examples, and many nuftre 
have been distinguished and describeef by mineralogists. 
Ilut these few examples will be sufficient to shew the me- 
thod of explaining all forms similarly composed. 

§. 184 . AMORPHOUS COMPOSITIONS. 

If the liiass, formed by the junction of seycral 
individuals, is not only of an irregular shape, but if 
even in this we cannot trace any resemblance with 
the shape of another body, the mineral is said to 
be massive. 

IMassive minerals are amorphous irregular compositions of 
individuals of the same species, which are in contact with 
each other on all sides. The difference between massive 
minerals, and those forms resulting from the groupes of 
crystals, which deviate more or less from the spheroidal 
shape, consists merely in the strong adhesion of the for- 
mer to the surrounding masses of , other •species. It is 
formed, however, and assumes a shape corresponding to 
VOL. I, n 
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its own inherent powers, and does not depend Upon its 
support, jit as much its we are led to suppose both them 
to be of contemporaneous origin. 

Massive minerals of a smaller size are also called disscmU 
mUA minerals, which have again been subdivided according 
to the size of the particles. Yery large masses of amor- 
phous minerals sometimes enter ^nto the com])osition of 
rocks, as rbombohedral Lime-haloide and prismatoidal Gyp- 
sum-haloide, several varieties of Iron-ores, &c. Under 
these circumstances they assume the shape of beds, &c., 
the consideration of which is no longer an object of Natu- 
ral History. 

§• 185 . ACCIDENTAL IMITATIVE SHAPES. 

Thd* accidental imitative shapes presuppose an 
empty space, which has been filled up by the indi- 
viduals of compound minerals, to which is trans- 
ferred the form of the pre-existing space. 

In this case, the shape which the mineral assumes is not 
a consequence of the properties inherent in the mineral, 
or peculiar to its nature, but it merely belongs to that space, 
in which th^ formation takes place. The sides of this space 
s^rve as support for the individuals. Thus, at first a coat- 
ing is formed, which consists of small, hut in many cases 
very perceptible crystals, whose apices are turned towards 
the inside of the empty space. This accounts for the hol- 
lowness of many imitative forms of this kind, of which the 
cavities are still lined with crystals. Sometimes also we find 
in the interior of such specimens, implanted globular, reni- 
form or botryoidal shapes, &c., in short, imitative forms de- 
pending upon the crystallisation of the mineral itself Yet 
the external shape of the whole, or of the compound mi- 
neral, must always he considered as an accidental imitative 
shape. 

If the wjiiole of the space is entirely filled up," there re- 
mains nothing else but the mode of composition of the in- 
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divkhi^, from which we may judge, without Having any 
attoiti^ to the surrounding mass^ whether the imitative 
shape he the result ^ crystallisation^ or whether it has been 
influenced by other circumstances. 

. The space in which the accidental imitative shapes are 
formed, may be eithew regular of irregular. A regular 
space cannot be produced except by crystallisation ; and 
this may be either in the interior of a real crystal, or it is 
the cast of a crystal in the surrounding mass (§. 186.). The 
first is not uncommon, particularly in large cr/^tals of 
rhombohedral Quartz, where part of the space of the crys« 
tals has remained empty^ and is regularly limited by the 
surrounding crystalline mass. 

The irregular spaces sometimes consist of accidental fis- 
sures, cracks, and other sinfilar openings : sometimes they 
depend upon the structure of the surrounding mass, which 
in many instances belongs Ito the class of rocks ; others at 
last arise from moulds of various minerals, and also bf 
organic bodies. 

The different description of the space in which compound 
minerals are formed, produces a distinction of their forms 
into regular and irregular accidental imitative forms. 


§. 186 . REGULAR ACCIDENTAL IMITATIYPTSHAPES. 

PSEUDOMORPHOSES. 

The regular imitative shapes of the j)receding , 
paragraph have been called Pseudomorphosesj or 
Supposititious Crystals. The latter donomination 
seems to be rather improper, since they share so 
very little in the properties of real crystals. 

No pseudomorphoses are formed in such impressions as 
originate from imbedded crystals, which can be separated 
from their surrounding mass (§. 160.)-; at least experience 
has not as yet furnished us*with any well authenticated in- 
stances which could not be explained, button that suppo- 
sition. 
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But if an implanted crystal (§. 160.) is covered over by 
the mass of another mineral, which has been formed after 
the production of the first, the deposite of new individuals 
will at first constitute a Coatings which consists of minute 
crystals, and through which the form of the implanted crys- 
tal still continues td be percepti.ble ; the mineral may yet 
proceed in its formation, and becoipe massive, or it may as- 
sume any other imitative shape, in which the form of the 
original implanted crystal entirely disappears. The crys- 
tal is moulded in this mass ; and, if it be taken away^ or 
decomposed, it will leave an Impression of its form, llhom- 
bohedral Quartz, and many ^ other minerals, present in- 
sUnces of similar impressions. From the form of the im- 
pression, we may very oilen infer by what mineral they 
have been occasioned. What has been called the ramose 
shape of the octahedral Iron from Siberia, is nothing else 
but the result of impressions produced by crystals and 
* grains ^ prismatic Chrysolite. 

The crystals sometimes are again decomposed in the 
place of their formation, and thus leave the impressions of 
their form on other minerals, which have escaped this de- 
struction. If in these empty spaces a new compound mine- 
ral is formed, it must necessarily assume the shape of the 
space 'already existing, since the sides of this become the 
support of the indiyiduals newly formed. Thus pseudomor- 
phoses arc formed, which appear in the shape of implanted 
crystals,^ if the mass containing the impressions, by what- 
ever circumstances, happens to disappear. 

All the peculiarities of the pseudomorphoses can easily 
be, explained from the mode of their formation now de- 
scribed. 

The form of the pseudomorphoses has no relation at all 
to the nature of the mineral in which it occurs. For it 
IS entirely accidental, from what mineral the impression is 
derived in which the new individuals have been deposited. 
Hence it is not derived from the composition of the indi- 
viduals contained in the pseudomorphosis (§. 176.). Thus 
in rhomboMedral Quartz ^Ve meet with forms originating 
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from rhombohedral Limc-haloide, from octahedral Fluor- 
halotde; from prismatoidal Gypsiim-haloide, ; which is 
sufficient to pjove, that tlie forms of the pseudomorphoses 
cannot by any means be members in the series of crystal- 
lisation of those species (§. 130.), to which they beloiif^. 

The quality of the su:rtace of the pseudomorphosis depends 
only upon its form, ^nd not upon its substance or its mode 
of composition. For the elevations and depressions of the 
mould are likewise expressed in the cast, which in this case 
fi the pseudomorphosis. The quality of this surfdfce tends 
very often to indicate the mineral, from which the form is 
derived, particularly if tjiese forms belong to the_ tessular 
system, which occurs in several species. Thus rhombo- 
hedral Quartz presents not unfrequently pseudomorphic 
hexahedrons, which as sucli may originate from various 
minerals. But on a closer inspection, we observe upon the 
faces of some of them, thef obtuse apices of isos^celes tetra- 
gonal pyramids, which, as it is mentionod in §. belong 
tcTthe hexahedral tctragonal-icositetraliedron, a form not 
uncommon in octaliedral Fluor-haloidc. We may hence 
infer that the form of the pseudomorphosis of rhombohe- 
dral Quartz now under consideration, is owing to the spe- 
cies of octahedral Fluor-haloide. 

The surface of the pseudomorphosis is never drusy in 
the sense of §. 17 ^>*» but only in the way described sibove. 
But sometimes it bears a new coating of very minute crys- 
tals, of the species of which the pseudomorphosis consists. 
This is not at all uncommon in many of those pseudomor- 
phoses of rhombohedral Quartz, which affect the form of 
rhombohedral Ijime-haloide. In general the su^ace of the 
pseudomorphoses is less smooth and shining than that of 
real crystals of the species. This, however, is merely ac- 
cidental, and does not deserve to be classed among the pe- 
culiar and constant characters, of pseudomorphoses. 

The pseudomorphoses are very often hollow in their in- 
terior ; the cavities are liqed with crystals, or with reni- 
fbrm.and other imitative shapes of that species, which con- 
stitutes the pseudomorphosw. There are crystals which 
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contain cavities, either empty or filled with water and other 
fluids. These are always in close relation to the external 
form of the crystals themselves, ^hich is not the case in 
the pseudoniorphoses. Another class of openings in the in- 
terior, occasioned by other minei:als being included, must 
be referred to the ifnpressions. *1 

The pseiidomorphoses are coi^ipound minerals, even 
though, on account of the minuteness of the individuals, the 
composition should no longer be perceptible. But they 
are ulso very often mixed, since several species may be de- 
posited in an impression at the same time, in the same 
way in which several sjiecies may enter into the composi- 
tibn of a geode. 

The pseudomorphoses cohere immediately with the adja- 
cent mass, and therefore s^em only to be implanted. 

This also is the case in certain real crystals ; but here the 
crystf^form only those parU of the individuals constituting 
the raifiport, which have reached the free space, thd which 
for that reason have assumed a regular form. 

Mere coatings of crystals must not be enumerated along 
with the pseudomorphoses, since the latter are produced by 
the process of subsequent formation in a mould, as it has 
been explained before. Nor can it be allowed to consider 
deconfposed or otherwise destroyed varieties of one species, 
as pseudomorphoses of another (§. 21.). Thus the decom- 
posed varieties of hexahedral Iron-pyrites can never be- 
come pi^eudomorphoses of prismatic Iron-ore, nor those of 
])aratomous Augite-spar pseudomorphoses of Green-earth, 
the latter being a variety 6f prismatic Talc-mica. 

(The origin of another i^iharkable appearance, is so very 
nearly related to that of the pseudomorphoses, that there 
is no place more adapted than this for its explanation. 

Sometimes it happens that also the regular structure of a 
%mple mineral is impressed into the m^s of another, which 
enters into fissures pai^llel or depeiRfoiit upon this struc- 
ture. If now the simf^le mineral, by whatever accident, is 
decomposed, the remaining compound one will represent 
a shape which entirely (lopends on the structure of the 
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decomposed individuals. The same takes place if the indi- 
viduals of compound minerals do not cohere from all sides, 
so that they allow ftf the interposition of foreign matter. 
Thus the cellular shapes arise, of which aguln the former 
have been called regular^ and the latter irregular cellular 
shapes. The sides of« the alveoke again are sometimes 
lined with minute ^crystals of a third mineral, and this 
among others is tlie case in what has been called the cellu- 
lar Pyrites. In that mineral the sides of the alveolae are 
perpendicular to each other, because they express tJie struc- 
ture of hexahedral Lead-glance ; they consist of rhombohe- 
dral Quartz, and are lined %vith crystals sometimes of 
hexahedral, sometimes ot* prismat ic Iron-pyrites. On this 
account it is necessary to refer some varieties of cellular 
pyrites to the one, some t<f the other species of the genus 
Iron-pyrites. 

The crystals of Steatite are considered as re^ crystals by 
soni# mineralogists, by others as pseudomorphdlill : notling 
decisive, however, has been brought forward in respect to 
this point ; and they require therefore a very accurate exa- 
mination, to prevent us from forming an erroneous opinion 
of their nature. 


§. 187. IRREGULAR ACCIDENTAL IMITATIVE 
SHAPES. 

According to the quality of the space, in which 
these imitative shapes have been formed, they may 
be distinguished into : such whose fprm is entire- 
ly accidental ; 2, such whose form depends upon 
particular openings in other minerals, which are not 
simple ones ; and 3, such whose form depends upon 
bodies, not bi|Jgn^ng to the mineral kingdoidu 

In the mass of rocks, and hi that of beds and veins, we 
very often meet with cracks or fissures, which seem to 
have once been open, of which still cofttinue so. Com- 
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nionly this appearance is explained by sii]ipo»iiig them to 
be real fissures, or that the coherence of the particles in 
the rocky mass has, in their placid, by whatever means, 
been resolved. If a mineral is formed in a fissure of that 
kind, it must necessarily assume its form ; and the mineral 
appearing in this shape, is said«to occur in Plaies, Mixed 
minerals likewise may affect thi^ shape; and the veins 
themselves might be quoted as examples, if their consi- 
deration did not belong to another science. These fissures 
sometimes are so very narrow, that a fluid can scarcely 
enter between their sides; a mineral formed in such a 
space is said to occur superficial^ which in fact is nothing 
el^, but a very thin plate. Examples occur in hexahe- 
dral Silver, octahedral Copper, &c. both of plates, and of 
superficial varieties. 

There are instances where the sides of these fissures 
are n^rly even, and possesb a certain degree of xiolish. 
Fissurel of th^t description very seldom sedhi^^o have 
been filled up with other minerals : on the contrary, the 
sides are commonly in immediate contact with each other. 
Minerals are said to occur specular^ if specimens of them 
shew part of such polished sides of fissures. The specular 
faces sometimes shew a particular sort of striae, which 
would deserve very well to be noticed by geologists. As 
esAmplcs, we may quote specular hexahedral Iron-py- 
rites, hexahedral licad-glance, brachytypous Tarachrose- 
baryte, &c. 

Several rocks contain vesicular cavities. In these ca- 
vities minerals are fornied^^hich consequently must as- 
sume their shape, and appSr as more or less spheroidal 
masses. lSI%h globules very often consist of the varieties of 
more than one species, and are sometimes hollow inside. 
They must be accurately distinguished from the grains 
(^160.), and from the globules describe^ above (§. Ib3.). 
Among the preseiff.we ifi|tit class also ^Bl^i^kgate-balls, and 
the balls of other varieties of rhombohedral Quartz, as of 
flint, of Egyptian jasper, &c. 

If this kind of globular concretions is not hollow inside, 
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and at the same time very irregular, so as to exhibit some 
resemblance with the roots of certain plants, the forms 
arising are called tifberose; of which flint is one of the 
most common examples. 

To this class also we must refer the irregular cellular 
shapes (§. 18G.). The paesent subje<*t is of little value in 
scientific Mineralogy, ^and does not require, therefore, very 
nice divisions. 

Those shapes which depend upon forms foreign to the 
mineral kingdom, are the petrifactions. There is no*differ«' 
ence between the formation of the greater part of petri« 
factions, and of the pseudomorphoses or the accidental 
imitative forms, and it does not require any particular ex- 
planation. MinerallzcA organic substances cannot be class- 
ed among real petrifactions. * These are not fbrmed like 
pseudomorphoses, in which the space left empty by the 
decomposition of one body is filled up by another, but the 
organi^- ^ss is metamorphosed or changed intq^ that of 
the mineral. Mineralized organic bodies, besides their 
original shape, also may retain their original structure, as 
numerous varieties, particularly of bituminous Mineral-coal. 

Several minerals, even after their formation, assume 
other forms, which, however, are quite accidental. Thus 
Pebbles are formed when fragments of minerals arer carried 
along by water, till, by attrition, they acquire a mor^^r 
less roundish or globular shape. Simple, compound, and 
mixed minerals, are found in the shape of pebble^. 

§. 188 . PABTICLES Of COMPOSITION. 

The individuals of which a compound^ mineral 
consists are called its Particles of' Composit'um. 

The particles..pf composition are true crystals, wliich, by 
their contact, prevented otkpr from assuming 
their regular form (§. ICO.). 

The particles of compositioA have also been called Dis^ 
iinct Concretions, The other expression, however, is by far 
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preferable, in as much as by itself it intimates, that they 
can only appear in compound minerals. It conve3'^8 like- 
wise more readily the idea of ifidivi.duals, since distinct 
concretions might also refer to simple minerals. The idea 
of the individuality of minerals is one of those which have 
for a long time re’hiained unsettled, and yet the possibility 
of a scientific mineralogical method greatly depends upon 
this idea. 

• The particles of composition are distinguished, according 
to*their length, breadth, and thickness, into granular^ cohnn- 
var^ and htuuilar particles of composition. The granular 
j)articlcs have all their dimensions nearly equal, or at least 
Inot very different. We niay omit here all those distinc- 
tions which mineralogists have introduced, in respect to 
tlie pahicular shape of these granular particles, because 
this being not a regular ouc, it signifies but little in the mi- 
neral kingdom. (Iranular limestone (rhumbohedral Lime- 
halqidc), Coepolite (paratomous Augite>spar), dodecahedral 
Garnet, &.c. contain many examples of granular particles 
of composition. 

In the columnar particles the length Is greater than both 
breadth and thickness. Sometimes they are rather thicker 
on one end ; sometimes also they arc broad. "J'his, how- 
eveF^ for the above mentioned reasons, does not occasion 
any farther difference. As to their direction, they are 
either parallel or diverging. Examples of columnar par- 
ticles ^of composition we find in rhombohcdral I.irae-haloide, 
in a variety of prismatic 'I'opaz called Picnite, in rhombo- 
h'edral and prismatic Ir^i-ore, Ac. 

^ In the lamellar parties, the Icmgth and breadth surpass 
the t^kness. These likewise are sometimes thicker on 
one and thus approach to the columnar particles of 
composition ;• in general, these three kinds of particles of 
composition are not contained within precise limits, but 
they ])ass inselKsib 4 i^ji||||g^^^^ othei^ There arc straight 
and curved lamellar paYtlcles of composition. The latter 
arc hot individuals, but of themselves they are already 
cpmposeh, which distinc^iishes them from the former, even 
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in case they should themselves be straight, while the 
others are curved or bent. Straight lamellar particles, or 
such as in themsjlve^are simple, are found in prismatic Ilal-i 
baryte, axotomous'Kouphone-sJiar, rhombohedral Idme-ha- 
loide (the varieties called Slate-spar), &c. 

The she of the particles of composition varies consider- 
ably. Sometimes they are so minute that they entirely 
withdraw themselves from observation. Yet a compound 
mineral, consisting of such impalpable individuals, docs not 
for that reason cease to be a compound one. This subject 
requires our particular attention. A specimen *of hexahe- 
dral I.f’ad-glancc being given, which consists of consider- 
ably large ]'articles of composition, we may very ^sily 
find another, in which these pai *}cles arc sm.iiier, and a 
third, in which the size of tlib particles is still more dimi- 
nished. These specimens difier only in the size of their 
constituent individuals. We may ‘ ontinue, and discover a 
fourtli variety, a fifth, &c., every one of them being in fl 
similar relation to that which immediately precedes it ; 
very soon we arrive at such varieties, whose individuals are 
scarcely jierceptible to the naked eye. Yet the immediate 
connexion with the other varieties, and a magnifying glass, 
demonstrate that they ,'ire all the same mineral, viz. va- 
rieties of hexahedral Lead-glance. No reason eftn be as- 
signed why these varieties should be the limit ofp^he 
series ; the members immediately following wdll be the va- 
rieties of cdnqiact Lead-glance ; and in these veyy often the 
individuals are so minute, that they withdraw themselves 
from observation even thro^^ a magnifying glass. Com- 
pact I^ead-glance, therefore^^iiot a simple mineral,, but a 
compound one. From the same point of vi^, we must 
consider the compact varieties of rhombohedral Ifime-ha- 
loide (compact Idniestonc), of octahedral Fiuor-lialoide 
(comj)act Fluor), of prismatic^IIal-baryte (conqiact Ileavy- 
spar), of rhomboliedral Qu^y||(|j^int,**ilornstone, Chryso- 
prase, &LC.), and of other species*" The composition which 
really takes place, cannot be observed only on account of 
the mimitcncss of the particFys of coniposilion. 
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The colimnar and lamellar particles are exactly in the 
same case. The columnar particles may still very easily be 
traced in the stalactitic and renifoVm shapes, called brown 
Hematite. But in coi^act brown Iron-stone, they have 
entirely disappeared. Of this vanishing and impalpable 
composition, we have a very lemarkable example in those 
varieties of rhombohedral Quart?, which have been called 
Calcedony, and occur in reniform and stalactitfc shapes. 
Commonly there is not a trace of their composition left 
ill Hhe Interior ; but in some of its varieties this com- 
positioft is still observable. Among these, the fibrous 
Carnelian is one of the most, well known instances. 

Iflias been mentioned above (§§. 171. 172.), that the co- 
lumnar composition has sometimes been confounded with cer- 
tain relations of structure.** Fibrous fracture is always colum- 
nar composition ; and the difference between what has been 
called the foHated and the Radiated fracture, consists in no- 
thing else but, that the first refers to simple minerals or gra- 
nular compositions, while the second is confined to columnar 
compositions. 

§. 189 . SINGLE AND MULTIPLE COMPOSITION. 

The‘ single composition takes place, if a com- 
pdtind mineral consists of individuals ; . but if the 
particles of imposition are again composed, then 
the composition is multiple. 

The c'ompositions trelM' of in the preceding paragraphs, 
arc sin^g^^ompositions. 

But Siere exist granular particles of composition, which 
are again composed of granular particles ; and these only 
are real individuals. They join into those masses, which 
again on a larger scal^ produce a gl’anular composition. 
Macrotypous Idnie-l^jide exhibits examples of this com- 
position. Sometimes fne granular particles consist of co- 
lumnar particles, diverging from the centre, or from one of 
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the comers of the former. Among the firstnare several va- 
rieties of rhombohedral Lime-haloide, called Oolite, of he- 
mi-prismatic Aujiite-sf)ar, called Actinolite, &c. ; among the 
'second the varieties of severaf ^species of Kouphone-spar, 
of Wood-tin, a variety of pyramidal Tin-ore, &c. In 
other cases, the granular particles of composition again con- 
sist of lamellar particles, as- in prismatic Ilal-baryte and 
axotomous Kouphone-spar. 

Columnar particles of composition sometimes consist again 
of columnar ones, as in several varieties of prismati(f Iron- 
ore. The preceding observations will suffice for explain- 
ing many occurrences of th^^kind, among which the curved 
lamellar particles of composition are the most remark^dc. 
The curvature of their surface corresponds to that of reni- 
form or globular shapes, so that the quantity of its deviittion 
from a mathematical plane depends u])on the radius of cur- 
vature. Commonly they coitsist of columnar, sometimes c f 
lamellar and granular particles. They o^cur in octahedral 
Fluor-haloide ; in prismatic Iron-ore; in prismatic Hal- 
baryte, called curved lamellar Heavy-spar ; in rhombolie- 
dral Quartz, called Calcedony ; in rhombohedral Limc-ha- 
loide, in rhombohedral Antimony, &c. 

The composition is very often still more complicated ; 
we may dispense, however, with entering into ^ greater 
detail, since the given examples are perfectly sufficMit 
4br explaining every other case. 

§. 190 . CHARACTERISTIC MARKS OF COMPOSITION. 

Imitative shapes, and tfli^ant of cleavage,, are 
the chief char^gters, from the presencINbf which 
composition may be inferred, if this should not be 
observable at first sight. 

An individual formed under^, S^ch circumstances as to 
be beyond the reach of any influence, will always 

assume a regular form. 

If, therefore, we meet witji minerals which evident l.v 
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have not befBn acted upon by any such circumstance, and 
wliicli nevertheless do not present any regular form, we 
may infer with perfect ;^aecuiity fhat the mineral is not a 
simple one, but that it^ a compound of several indivi- 
duals. This • proposition is demonstrated on one side by 
all crystals which 'are simple, «on the other by all the imi- 
tative shapes dependent upon the nature of the mineral 
itself (§. 182. 183.), which are compound. 

With regard to the accidental imitative shapes, it is evi- 
deftt, that not even those which are regular, can be the forms 
of simple minerals, because they are altogether accidental, 
whereas the forms of simple, minerals are founded in the na- 
ture of the individuals themselves. Hence, the imitative 
shapes, of whatever kind they may be, arc, in every instance, 
infallible characters from which the composition of the mine- 
rals may be inferred. But we could suppose that a com- 
pound mineral might coitsist of particles in a perfectly 
parallel position, but so small, that on account of their 
minuteness, the composition can no longer be observed, so 
that the directions of cleavage of the single particles or 
supposed individuals in one of them are the continuation 
of those in the other. In this case, the whole mass will be 
cleavable, and the whole will therefore be a single indi- 
vidual, and not a composition, agreeably to the definitions 
in §. 178. Hence cleavable minerals are simple; and the 
wrant of cl^^yage in varieties of such species as commonly 
allow of olpvage, is a mark of their composition ; because 
here one individual assumes a situation different from that 
of anot[ier, so that thej,|^espective faces of cleavage can 
have no^ontinuity among one^another. From the same 
reason,^mpact Limestone, compact Fluor, compact Heavy- 
spar, compact Lcad-glance, are not cleavable, although the 
simple varieties of the; same species may be cleaved with 
the greatest facility. 

The same applies to the pseudomorphoses. 

Among the other^lfaracters of composition, we may 
mention, that compound minerals, in which the composi- 
tion can no longer be ol^seived, are most intimately con- 
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iiected in all their properties with those in which it is still 
visible, and that commonly they possess lower degrees of 
transparency and lustre, than ^nple vari^ies of the same 
%pecles. Kxaniples occur hexahedral I^ead-giance, 
rhomhohedial Ijime-haloide, rhombohcdral Quartz, &c. 

The following observations will furnish characters in 
most cases perfeptly si^cient for distinguisliing mixed mi- 
nerals and compound minerals, in both of which the par- 
ticles disappear on account of their minuteness. 

The dilferent ingredients of the mixture are sometimes 
found separated from the rest in more or less pure masses, 

by which the mixture ceases to be uniform. If we find 

• • 

an opportunity for observing mixed masses of this kind on 
a larger scale, we may very often find those particles en- 
tirely disengaged, or separated from each other, as is the 
case with rhombohedral Iron-ore, and rhombohedral Quartz, 
in tiie original repositories of Iron-flint, which is an inti- 
mate mixture of these two species. Thi;p we infer I>asalt* 
to consist of several specics-of the genus Feld-spar, and 
hemi.prismatic or xjaratomous Augite-spar, because Green- 
stone and the Syenitic rocks in which the particles of mix- 
ture have only more extension, really do consist of indi- 
viduals of the above mentioned sx)ecies, and differ from 
Basalt merely by their coarser grain. 

Moreover the mixed minerals partly possess the properl^s 
of the one, partly also those of tlie other of ^the simple mi- 
nerals of which they consist, without entimiy* agreeing 
with any of them, as, for instance. Iron-flint, wliich pos- 
sesses some of the properties nf rhombohedral (Quartz, &c. 
or they assume such pifebpertiS as nevet]^ ocej^r in sUnple 
minerals, as, for Instance, the columnar sliapes of Basalt, of 
Porphyry, the globular concretions of Green-stone, of Sye- 
nite, &c., which by themselvea prove those minerals to be 
compound, even though the component individuals should 
no longer be perceptible. 
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§. 191 . STRUCTCRE OF COMPOUND MINERALS. 

That kiiK^f structure whiuh has been consider- 
ed al)ove in me simpll; minerals, does not occur in 
the compound oi;»es. If we break them, however, 
we produce what has been called their Fracture ; 
and the particles of the mineral separate in the 
Faces of Fracture. 

If the particles are still distinguishable as individuals, 
they must be considered according to their respective regu- 
lar or irregular structure, to their faces of composition, and 
to every other character which they present to the observer ; 
in shot t, they must be cvjnsidered as simple minerals. In 
the present place, therefore, only those compound minerals 
shall be treated of, in which, on account of their minute- 
ness, the individuals are no longer distinguishable. In 
these the following kinds of fracture have been distin- 
guished. 

1, The Conclioidal Fracture^ together with its various 
modifications, which depend upon size, perfection, rela- 
tive depression (§. 172.). 

The Uncx^en Fracture^ wdiicli has been subdivided ac- 
cording to the size of the asperities, into coarse-grained, 
small-grained, and fine-grained uneven fracture. 

3, Fracture^ which arises if the elevations and 
depres^ns'^pon the face of separation nearly approach to 
evenness! These even parts of the fracture must not be 
ponfounded imth faces *of cleavage, because they do not 
keep a const^R^irection, and are only observable in com- 
pound minerals. This variety of fracture is so very rare, 
that it is difficult to quote good examples of it. Sometimes 
it occurs in compact Lead-glance. 

4, The Splintery Fracture^ which is produced if upon the 
face of separation, (]|i^^^hed scaly particles remain, joined to 
the mass by their tfilekef end. These particles arc render- 
ed visible by that portion of light which passes through 
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them, and the splintery fracture therefore does not occur 
in perfectly opaque minerals. It may occur at the same 
time with the conthoidal, or another ^nd of fracture. 
This has been *expressed by the phraseS^ca?^c/^ow/a/ in the 
grcat^ splintery in the small^ &,C. 

6. The Ilaekly Fractuijp^ which hite been sufficiently ex- 
plained above (§. 172.J. 

6. The Slaty Fracture^ which resembles imperfect fiices 
of cleavage (§. lf>:i.), and partly arises from it. It is met 
with in the different kinds of Slate^ which, for the greater 
part, are compound minerals, or even mixed, although they 
appear to be simple. The slaty fracture keeps a constant 
direction, and is in this respect analogous to cleavage. • 

7. The Earthy Fracture^ which is the same as the uneven 
fracture, except that it occum in decomposed iiflnerals. 

The particles into which compound minerals may be 
broken, are termed Fragvnvnfs^ and their shape is irregular. 
According to the quality of their edges, they have been di* 
vided into sharp-edged and hlunUcdged fi*agments. Slaty frac- 
ture produces tahular fragments ; thin columnar composi- 
tion produces splintery fragments. 

§. 192. COMPOSITION IS OF LITTLE VALUE IN NA- 
TURAL HISTORY. 

It is impossible to derive characteristic terms Tor 
the determination of the natural-hisCBMcal, species, 
from the occurrences of composition. Hesice they 
are of use in the Natural History , of th* Mineral 
Kingdom, only in so far as their ^^wledge is* ne- 
cessary for ascertaining the existence of the simple 
mineral in the compound. 

Among the various impediments that have retarded the 
progress of the science, and, in jjfi^i^cular, the correct de- 
termination of the natural-histori^f species, one of the most 
conspicuous was the occurrence of individuals*in compound 

VOL. I. 
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varieties, as long as this compointlon had not been explain- 
ed, nor the individuals themselves traced in it, whose di- 
minutive sizjgM^ry oilen considcrat)ly adds to the difRcultv. 
If we considCTihe varieties of rhombohedral Iron-ore, 'or 
of many other species, and if we do not possess an exact 
knowledge of the individual in the mineral kingdom, that 
C>is to say, if we do not sufficiently distinguish between 
simple and compound minerals ; we find some of them so 
very different, that it would seem to be in opposition to all 
thd principles of Natural Hi 8 tor 3 »-, if nevertheless we would 
unite them into one species, since they differ in almost 
every one of their properties. This has indeed been the 
reason why Specular Iron-ore, lied Iron-ore, and many 
others, have really been considered and distinguished «s 
particular species. At that time the transitions (§. 221.), 
which might have led to the knowledge of errors commit- 
ted in these determinatioifs, had also not yet been dis- 
tinctly developed ; and it must be avowed that those mi- 
neralogists who have escaped similar errors, owe this 
to inquiries and considerations of minerals, very different 
from such as are carried on according to the principles of 
Natural History. 

A few examples, once given of the dismemberment of a 
natufal-historical species, could not but produce many si- 
milar errors in subsequent instances. The consequences 
of this modij^f^roceeding, have been numberless species, 
or aggregate erroneously so called, being connected with 
each other % transitions. Incapable of being character- 
ised, or^dttlii^ished from one another, they have only 
served to ^mpber the nomenclature, and to degrade the 
systems inl^ mere registers of words. If one single erro- 
neous idea is capable of producing such confusion, we must 
bestow all possible attention on the establishment of cor- 
rect ideas, in a science in which they are or might be so 
pure and simple, as in the Natural History of the Mineral 
Kingdom. 

Zoology and Botany have not been subject to similar er- 
rors. TAey are almost jtnpossible in the first, and in the 
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second they would be obvious at first sight. It would be 
an error of this kind, if a person should consider a com- 
field or a bank of trd^s for an individuaLj ip d establish ac- 
coildingly these corn-fields and banks oi^Fees into particu- 
lar, species. A corn-fjeld or a bank of trees is exactly the 
same as Red Hematite (the fibrous Red Iron-ore, a com- 
pound variety of rhoipbohedral Iron-ore), if compared with 
real individuals of their respective species. 

From the preceding observations we may infer, that 
from the composition of minerals, the Natural History of 
the Mineral Kingdom cannot derive any characteristic pro- 
perties for the determination of the species. Thb would 
be an error sufficiently powerful to shake it to the*very 
foundations, and to degrade it from the rank it assumes in 
the sciences as a part of Natfiral History. 
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THE NATDRAL-HTSTOBICAL, PBOPEBTIES, COlIkoH 
TO BOTH, SIMPLE AHO COMPOITND MINERALS. 

§. 193. DIVISION. 

Those natural-historical properties, which are 
common to both, the simple and the compound mi- 
nerals, may be divided into the Optical Properties^ 
and into the Physical Properties of minerals, or such 
as refer mi|*e particularly to their Mass or Substance, 


CHAPTER I. 

OV THE OPTICAL PROPERTIES OF MINERALS. 

§. 194 . EXPLANATION. 

Optical pi^erties arc such as depend upon light, 
and are not pj^cryable except in its presence. 

The (»risi(l€iration of the natural-historical properties in 
general, presupposes the presence of light. Yet all of them 
do not depend upon its presence. This is the case, however, 
with the properties to be considered in this chapter. We 
cannot maintain that a mineral possesses in the dark that 
same colour, lustre, or transparency, which it exhibits 
when observed under the influence of light. This charac* 
ter, therefore, is sufficient for distinguishings optical 
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§. 195. LUSTRE, COLOUR, TRANSPARENCY. 

The phenomena observable ir^^inerals, with 
respect to reflected and transmitted light, are com- 
prehended under the heads of Ijasire^ Colour^ and 
Transparency. 

These subjects are treated of in Natural History, only 
in so far as they allow some application to its own j)cculiar 
purposes, of discriminating and describing minerals. Their 
^explanation belongs to Natural Philosophy. 

In order to employ histre, colour, and transparency, 
agreeably to the purposes of the Natural History of the 
Mineral Kingdom, it is necessary to determine and to pro- 
vide with certain denominations, those dihTerences which 
may be distinguished in th^se properties, in respect to both, 
their kind and their degrees of intensity. This will require 
us to fix a certain impression upon our and always to 

designate this impression with the same na3»e, or to recal it 
to our memory, whenever ive read this name, or hear it ut- 
tered. It is necessary therefore to have exi)erienced these 
impressions upon our own mind, and explanations or de- 
scriptions cannot be successfully substituted in t^eir place. 

All acquaintance with the colours occurring in the J^Ii- 
neral Kingdom, with the different kinds of lustre, &c.* may 
be acquired from the consideration of bo^is, which are not 
minerals. It may indeed be effected pi more than one 
way ; but it seems to answer the purjjibse best, if we em- 
ploy these bodies themselves, this being n1it»only a more 
sure, but also an easier way of fulfilliug our inteution. 
To those who do not intend to go any farther than to become 
capable of making use of the Characteristic for discriminat- 
ing varieties occurring in nature, a very small number of 
specimens will suffice, the choice of which is not attended 
with any difficulties. 

The illative value wc have to attach to the employment 
jof th^e properties, depends upon their genorality and con- 
stancy, and consequently^^on the possibility" of theip 
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application. The properties most important, in Deter* 
minative Mineralogy (§. 11.) are the different kinds of 
lustre, the m^^allic colours, and*- particularly the phe- 
nomena of simple and dodt»le refraction, as observed iii 
common and polarised light. As yet we cannot dispense 
in the characters wi^.^the first* and the second, although 
they are of compalNI^ely less , value. The third are 
of great consequence: in many cases they are sufficient 
for determining the system of crystallisation, in such 
varieties as do not present any regular form, or any 
traces of •cleavage ; they very often yield neat and de- 
cisive characters, where the minerals are much resem- 

». • 

blhig each other in the rest of their properties, and 
they are most useful in ascertaining whether a mineral is 
simple of compound. Fof the Descriptive Mineralogy 
(§. li.) optical properties of the minerals are of 

equal consequence, and at the same time not inferior to 
any other properties. These descriptions have not the pur- 
pose of distinguishing objects, but that of producing an 
image of them ; and to this the colours confer no less than 
the forms, the knowledge of lustre and transparency no 
less than the degrees of hardness or of specific gravity. 

The optical properties must therefore by no means be ne- 
glected, although many of them are of less influence than 
'tlr.ose deriving from the forms to the scientific progress of 
Mineralogy.^ ^ Very often by their assistance we may dis- 
pense w,fth th<r^^'i|p of the Characteristic, because they are 
very well c^l^l^d for recalling to our mind such va- 
rieties o^the sXl^b species as we have already determin- 
ed* They are obvious at first sight, and therefore easily 
observed and determined under whatever circumstances 
they may be found, they are in particular recommended to 
those who wish to acquire an extensive getieral knowledge 
of the productions of the mineral kingdom. 

§. 196 . KIND AND INTENSITY OF LU3Ti||E. 

The lustre of miner^s is considered id' respect 
to its Kind, and in resplet to its Intensity, 
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The kinds of lustre are ; 

1 , Metallic lustre^ 

2 , Adamantine hmtre^ 

3 , liesinou^ lustre^ 

4 , Vitreous lustre^ 

5 , Pearly lustre. 

Metallic lustre is subdlvided^;||^o perfect., and impa-- 
feet metallic lustre. The first occurs in all the species 
of the orders Metal, Pyrites, and Glance, and in some of 
thdse of the order Ore. The same lustre occurs in i^ought 
metals and metallic alloys, as silver, brass, copper, &c. 
The second is found in several ores, as Tantalum-ore, 
Uranium-ore, &c. 

Adamantine lustre is subdivided into metallic adamantine 
lustre, and common adamantine lustre. Examples of the 
first may be seen in the dark-coloured vayieti^s of several 
species of the order Blende, and in some,.^arltbularly the 
grey varieties of di-prismatic I^ead-ba^te ; the common 
adamantine lustre is peculiar to octahedral Diamond, to the 
pale-coloured varieties of Buby-blende and Carnet-blende, 
and to some varieties of di-prismatic Lead-baryte. 

Resinous lustre is that which a body presents, if besmeared 
with oil or fat. It occurs in dodecahedral Garnet, still more 
distinctly in pyramidal Garnet ; also in the varieties of 
empyrodox Quartz, called Pitchstone. 

Vitreous lustre is that of common glass, and may be ob- 
served in rhombohedral Quartz, rho^hohedral Emerald, 
prismatic Chrysolite, and in severaFpi^er species of the 
order Gem. 

Pearly lustre is divided into common^ aftd nUttaUic yearly 
lustre. The first occurs in prismatoidal and henu-pris- 
matic Kouphone-spar, in prismatic Disthene-spar, in rhom- 
bohednil Talc-mica, and in other species of the order 
Mica ; the second is found in several species of Schiller- 
spar, and in several varieties of rhombohedral Talc-mica. 

As tb the intensity of lustre, we have to distinguish the 
following degrees : 
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1, Sjplendenty 

2, Shitting^ 

3, Glistening, 

4, Glimmering, 

5, Dull. 

Splendent faces, or those whiali possess the highest degree 
of lustre in the who|ife' Mineral kingdom, produce distinct 
and well defined imilTges of the objects, provided they pos- 
sess the required extension and evenness. Such facjss are 
contained in many varieties of dodecahedral Garnet-ftende, 
of rhombohedral Iron-ore, of rhombohedral Quartz, and 
other species. 

' Shining is a less degree of lustre ; it is still lively, but 
does not produce a distinct image. This degree is very 
commonV^^feveral species of the orders Spar, 5 Haloide, 

GlUtening reflects light "still more disorderly ; but al- 
though it doc^p not any longer produce an iinage, yet it 
reflects it in pretty well defined patches. This degree of 
lustre is found in most of those compound minerals, in 
which the particles of composition are still observable, or 
at least in which they have not yet entirely disappeared. 
Examples are pyramidal Copper-pyrites, tetrahedral Cop- 
per-gfcince, &c. 

41 Glimmering does not reflect defined patches^of light, but 
a mass of unedefined light seems spread over the glimmer- 
ing surface. This degree of lustre is peculiar to the very 
thin columnar composition (commonly called fibrous frac- 
ture), and to several other compound minerals, in which 
the composition disappears, as in the varieties of rhombo- 
. hedral Quartz, called flint, calcedony, hornstone, in com- 
pacts hexahcdral Eead-glance, and other minerals. Com- 
monly this degree is a sign of a compound mineral, the 
individuals of which are so very small, as nearly to disap- 
pear. It is produced by the reflection of light from every 
one of the impalpable compSftent particles. 

Dull possesses no lustre at all. This -piirfect absence 
of lustre IS almost entii^ly confined to decomposed mine- 
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rals, as Porcelain-earth, which is a decomposed Feld-spar, 
and to some compound minerals, as Chalk, where it de- 
pends upon some particular circumstances in the formation. 

§. 197 . SERIES IN THE DIFFERENCES OF LUSTRE. 

The gradations in the khids^and in the degrees 
of lustre in the varieties of one and the same natu- 
ral-historical speciesi produce continuoxis serifs. 

In general, neither the kinds noi* the degrees of lustre 
admit of rigorous limitSi* •It is necessary to determine 
them in some particularly distinct examples, and to com- 
pare with them such as are less distinct. 

If there occur several kinds or degrees ^^^stre in the 
varieties of a species, these will be in an lMiinte|rupted 
xjonnexion, and they will pass insensibly into one anothe^ 
so that«in no place we are capable of Observing any inter- 
ruption or want of continuity. 

From the succession in these gradations, the above men- 
tioned series arise, llhombohedral Huby-blende presents a 
striking example of a similar series. In some of its varieties 
the lustre is nearly metallic, in others decidedly adaman- 
tine. Hetween these there are a great number of grada^ 
lions of metallic adamantine lustre, by which th^ two 
kinds of Lustre are so closely connected, that it is impos- 
sible to say where the one begins, and where the other ter- 
minates. 

The series in the gradations of lustre alloAV of the same 
application as the series in the varieties of colour nthntion- 
ed in §. 202. The results of crystallography in respect to 
simple forms, are exactly confirmed by the occurrences of. 
lustre in single individuals, as to the existence of forms, 
which, although they appear with a number of faces, not 
suffident to limit tlie ^ace from all sides, yet must be 
consid(|r^- as simple forhis (g. 168.). For if we abstract 
from whi^.ls merely acciden^l, homologoi^^ faces entirely 
agree as^to the kind and the degrees of intensify of 
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their lustre ; and, vice versa^ such faces which do not agree 
with each otlier in the same respects, are not homologous, 
or they do not belong to one and j^ihe same simple form. 
'I’his is equally applicable to faces of clystallisation, awl 
to faces of cleavage, as is shewn by numerous examples in 
prismatoidal Gypstim-haloide, ,4*' several species of the 
order IVIica, in several species of the genus Kouphone-spar, 
Pearly lustre is the most remarkable among the dif- 
ferent kinds, since, in a higli state of perfection, it appears 
in simjile minerals only upon single faces of crystiillisation, 
as well as of cleavage. Such faces, therefore, are parallel 
either to tlic axis, or to the base of the fundamental form 
oftlie species. A single face which possesses a distinct 
pearly lustre, if it is a face of cleavage, is also termed 
Eminent.^ The pearly lustre of compound minerals very 
often is a consequence of this composition. 

g. 198. COLOUR, PROPERLY SO CALLED, AND STREAK. 

Wc have to distingulsli between the colour of 
the entire mineral .and that of its powder. The 
first is the Colour of tlic mineral, properly so call- 
ed, while the second has been designated by the 
nojne of the Streak, 

§. 199. DIVISION OF COLOURS. 

u 

The colours have been divided into metallic and 
into nori~metaUic colours. 

This division is not rigorously correct, because the dif- 
ference does not so much lie in the colours themselves, as 
ill the kinds of lustre joined to them. It is, however, very 
useful, since it separates what is as yet indispensable, from 
Avhat is merely useful in the?J»roccss of discriminating mi- 
nerals. 

For the sake of a belter distinction of tlie colours, eight 
princi])al colours have fwen assumed by the celebrated 
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Werner, to whose labours this part of Terminology is 
particularly indebted. These colours are, WMie^ G'f'f'ih 
Blacky Blue^ Green., Vtellou^ Bed., and Brown. Each of them 
comprehends several varieties, of which again the one con- 
sidered the purest, is called the charactertstlv colour. The 
names or denomination 4 )f the varieties are either derived 
from such bodies in Av^iich they are found often or by pre- 
ference, or tiiey are formed by composition. Examples of 
the first are, rose^red, ajtjde-fi'reen^ fj^ohLycHow ; of the latter, 
reddish-brorai^ yellowh/t-hrown., ffreyis/t^w/iiie^ &c. 

The Wernerian method in the determination of colours 

* 

is as generally introduced and received as it deserves. It 
is not advisable to change or alter any thing without the 
most urgent necessity, even though, from other reasons, 
thc'se alterations should be improvements ; smee there is 
nothing required, but to recal a certain impression upon 
our mind: and the best plan therefore will he to keep to 
such expressions to which we have been accustomed. 

§. 200. METALLIC COLOURS. 

The metallic colours are : 1. Copper-red ; 2. 
Bronze-yellow; 3, Brass-yellow^ and 4. Gold-yeU 
low ; 5. Silver-zehite, and 6. Tin-zahite ; T. Lead- 
grejfy and 8. Steel-grey^ and 9. Iron-hlack. 

1. Copper-red., the colour of metallic copper.* Examples., 
Octahedral Copj)er; less distinct prismatic Nickel-pyrites. 

2. BronTte-yvIhnv, the colour of several metallic alloys 
called Bronze and Spexse., in particular the alloy of popper 
and tin. Very distinct in hexahedral and prismatic Iron- 
pyrites. 

3. the colour of brass. E.r. "Pyramidal Cop- 
per-pyrites. This colour is never found in hexahedral Gold. 

4. Gpld-yclloxo, the colour of j)ure gold. Distinct, but 
exclusively in hexahedral 'Gold. The gold-yellow colour 
sometimes becomes pale, and then approaches to silver- 
white. 
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5. SUvcr^tvhilc^ the colour of pure silver. Distinct in 
hcxahedral Silver ; less distinct in prismatic Arsenical-py- 
rites ; inclining to red in hexahedtiil Cobalt-pyrites. 

<5. Tin-white, the colour of pure tin, particularly not 
mixed with lead. Kv. Fluid Mercury ; rhombohedral 
Antimony, and also native Arsrjiiic, in this, however, inclin- 
ing a little to lead-grey. 

7. IscufUgrcy, the colour of metallic lead. Of this colour 
three dilferent shades have been distinguished. 

’'a, lead-grey; b, pwrc lead-grey ; andc, hlackhh 

lead-gre^". Whitish lead-grey is found in the compact 
varieties of liexahedral Load-glance ; pure lead-grey in 
* the common varieties of the same species, which consist 
of larger individuals than the former, also in rhombohe- 
dral Molybdena-glance, &c. ; blackish lead-grey in hcxa- 
hedral Silver-glance, in prismatic Copper-glance, &c. 

«. Steel-grey, nearly the colour of fine grained steel 
upon a recent fracture. Ex\ Native Platina and prismatic 
Aiitimony.glance. 

9. Iron black, nearly the colour of highly carboniferous 
cast iron. Ex\ Octahedral Iron-ore ; less distinct rhombo- 
liedral Iron-ore, and tetrahedral Copper-glance. 

« §. 201 . ^s"ON-METALLIC COLOURS. 

The non-mctallic colours are considered in the 
consecutive order of the principal kinds (§. 199.), 
Avliich represent the general series of colours. 

The following are the non-metallic colours ; 

A. White, 

1. Snoxv-^hite. The purest white colour. Nearly the 
colour of newly fallen snow. Ex. llhombohedral Lime- 
haloidc (Carrara marble), prismatic Idme-haloide (Flosferri). 

2. Hcddhh-whiic. White .(though not always of the purest 
tint) inclining somewhat toured. Ex. Several varieties of 
rhomboheijral and macrotypous Lime-haloide, of rliombo- 
liedral Quartz, Ac. 
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3. Ydloxvish-whiit:. A\nutc (though not always of the 
purest) inclining to yellow. Ex. Several varieties of rhom- 
bohedral Limc-haloit^ and of unclcavable Quartz. , 

4. Grcyish’^xeftHc. White, inclining to grey. Common 
in rhombohedral Limc-haloide, particularly in the com- 
pound varieties called grjjnular Inmc%tone, and in rhombo- 
liedral Quartz, particularly in Common Quartz. 

5. Grccnisli-xvlntc. AVhite, somewhat inclining to green. 
Very distinct in several varieties of hemi-prismatic Augite- 
spar, particularly in Amiantus, and in the varieties i)f pris- 
matic Talc-mica, called Common Talc. 

C. Milk-xchite. AVhite somewhat inclining to blue, the 
colour of skimmed milk. Several varieties of unolcav- 
able Quartz, called Common Opal. 

B. Grey. 

1. Bh(eUh‘gtry. Grey inclining to a dirty blue colour. 
Seldom distinct. Sometimes in the varieties of rhombohe# 
dral Quartz, called splintery llornstone, and in several 
compound varieties of rhombohedi*al Lime-haloide. 

2. PearUgrey. Grey, mixed with red and blue. In the 
pearls this colour is very pale. Sometimes it is very dis- 
tinct in hcxahcdral Veaii-kerate ; less distinct in several 
varieties of rhombohedral Quartz, and of prisniatic Ilal- 
baryte. 

.3, Smnlr^grey. Grey mixed with brown ; the colour of 
thick smoke. This colour occurs particularly in the dark 
varieties of Flint, which belong to the species of rhombo- 
hedral Quartz. 

4. Grcenhh-g'rcy. Grey inixetl with green. Ex. Sevc-*^ 
ral varieties of rhombohedral Quartz, particularly Cats-eye ; 
several varieties of rhombohedral Talc-mica, &c. 

ff. Ydloxvisli’^f^rey. Grey mixed with yellow. This co- 
lour is not uncommon in several compound varieties of 
rhombohedral limc-haloide (compact limestone) and of 
rhombohedral Quartz (Flii^)*^ 

0. Ash-grey. The purest grey colour, a mixture of 
white iiiid black. It is seldom distinct. Exf Prismatoidal 
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Augite-spar, called Zoisite, and trapezoidal Kouphone- 
spar. 


C. Black, 

1. GrcyHhMick, Black mixed with grey (without any 
green, brown, or ' blue tints).? E.v, Basalt ; liydian-stone, 
w'hich is an impure variety of rlv)mbohedral Quartz ; An- 
thrakolite, an impure variety of rhombohedral Lime-haloide. 

2. VelvcUhlack. The purest black colour. It is the co- 
lour of black velvet. Ej;. Enipyrodox Quartz, called Ob- 
sidian ; rhombohedral Tourmaline, called Schorl. 

3. Greemsh-hlack. Black mixed with green. A very 
C^ommon colour in several species of the genus Augite-spar. 

4. Brownish-black, Black mixed with brown. Ex, Se- 
veral varieties of rhombohedral Talc-mica; bituminous 
Mineral-coal. . 

5. BlHcish-hlack, Black mixed with blue. It is a rare 
colour, and scarce ever found except in the botryoidal and 
reniform varieties of Black Cobalt from Saalfeld in Thu- 
ringen. 

1). Blue. 

1 . Bhtckish-bluc. Blue mixed with black. Ex. The dark 
coloured varieties of prismatic Azure-malachite. 

2. Aziirc-blue, A very bright blue colour, mixed with a 
little red. Ex. The j)ale varieties of prismatic Azure-ma- 
lachite^. and the bright varieties of Lapis lazuli. 

3. ViolcUhliie. Blue mixed with red. Ex. Rhombohe- 
dral Quartz (Amethyste), and octahedral Fluor-haloide. 

f 4. Lavendcr-hliie. Blue with alittle red, and a great deal 
of grey. Ex. lithomarge, and some varieties of Porcelain 
Jasper. 

6. Plum-blue. A colour inclining somewhat to brown, 
and very difficult to describe. It is something like the co- 
lour of certain varieties of plums. It is very rare, and oc- 
curs only in a few varieti^ of dodecahedral Corundum, and 
of octahedral Fluor-haloide. ' ' 

6, Prussian-blue^ or Bexlin-blue. The purest blue colour. 
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Eju, llhoniboliedral Corundum (the bright coloured varieties 
of Sapphire); prismatic Disthene-siiar ; and hexah^dral 
liock-salt. 

7 . StnalUUuff, The colour of a pale coloured sort of 
smalt, called EschcL Ex\ Several varieties 6f prismatoidal 
Gypsum-halolde. 

8 . Indlgo^bluc* Bl^e mixed with black and green. The 
colour of several coarser sorts of indigo. Ex. Prismatic 
Iron-mica, particularly the decomposed or imperfectly form- 
ed varieties called Blue Iron-earth. 

9. Duck-Mue. Blue, with a great deal of green, and a 
little black. Ex. Several varieties of dodecahedral Corun- 
dum, called Ceylanite ; also several varieties of prismatic 
Talc-mica, under the denomination of common Talc. 

10. SkyMic. A pale blu^ colour, with a tittle green. 
It is called Mountain blue by painters ; it is the colour of 
the clear sky. Ex. Prismatic Lirocone-malachite, some- 
times also octaliedral Fluor-haloide. 

E. Green. 

1. Vcrdigris-grcen. A green colour, very much inclining 
to blue. It is the colour of verdigris (Acetite of Copper). 
Ex. Amazon-stone, which is a variety of prismatic Feld- 
spar, and prismatic Lirocone-malachite. 

2. Celandine-green. A green colour, mixed with Jblfte 
and grey. Ex. Prismatic Talc-mica, called Green-earth ; 
several varieties of rhombohedral Emerald. 

3. Monnlain-gran. Green, with a great proportion of 
blue. Ex. lihombohedral Emerald ; prismatic Topaz, the 
oriental Aqiui-marine^t^;; 

4. Leck-grecn. Giecn, with a little brown ; the colour 
of the leaves of garlick. Very distinct in rhombohedral 
Quartz, called Prasem. 

5. Emerald-green. The purest green colour. Very dis- 
tinct in rhombohedral Emerald ; less characteristic in some 
varieties of hemi-pn^matic Ilabroneme-malachite. 

8 . Apple-green. A Hght green colour, with a trace of yellow. 
Very distinct in rhpmboliedi-H ^^uartz, called Chrysoprase. 
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7 . Grass^grcen, Green, mixed with a little more of yel- 
low ; the fresh colour of grass. Very distinct in Green 
Diallage, and other varieties of pjjratomous and hemi-pris- 
niatic Augite-spar ; sometimes in pyramidal Euchlore-mi/^a 
and in hen^prismatic ITahronemc-inalachite. 

8. PiHtachlo^grdn. Green, with yellow and a little brown. 
Ex\ rrisniatic Chrysolite ; sometimes prismatoidal Augite- 
spar. 

i). Anparagiis-gircn. Pale green, with a great proportion 
of wyellow. E.v. Prismatic Corundum and the varieties 
of rhombohedral Fluor-haloide from Spain and Salzburg, 
called Asparagus-stone. 

‘ 10. Bhicklsh-grecn. Greeii, with black. Ex\ Paratomous 
Augite-spar ; sometimes also Serpentine. 

11 . OHve-ffreen, Pale green, wdth a great deal of brown 
and yellow. Ex\ Prismatic Chrysolite, the varieties called 
Olivine ; several varieties ^f dodecahedral Garnet ; hexa- 
hedral Lirocone-nialachite, and Pitchstone, a variety of 
empyrodox Quartz. 

12. OiUgreen. A gi’een colour, still lighter, with more 
of yellow, and less of brown. The colour of olive oil. 
E.w Dodecahedral Garnet-blende ; rhombohedral Emerald ; 
empyrodox Quartz, called Pitchstone. 

VdJ Shkhi’gircn. A light green colour, very much in- 
clining to yellow. Very distinct in pyramidal Euchlore- 
mica ; also in some varieties of rhombohedral I.ead- 
baryte. 


F. YcUoxv, 

^ 1. SulpJiur-ydlow. The colour, of pure sul]3hur. Ex, 
Prismatic Sulphur. 

2. Straw^ycUow, A rare colour; iignt yellow, with a 
little grey. Nearly the colour of straw. Ex, Some varieties 
of prismatic Topaz, called Pycnite. 

3. Wax-ycUow. Yellow, wdth grey and a little brown. 
The colour of pure yellow wa^^ Ex. Pyramidal Lead- 
baryte ; several varieties of unioiii^avable Quartz, called 
common 0|>fll. 
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4. Honey -yellow. Yellow, with a little red and brown ; 
the dark colour of honey. Ex. Rhombohedral L(imc« 
haloide ; octahedral If luor-haloide ; pyramidal Melichronc- 
resin. 

5. Lemon-ycilow. The purest yellow coldiir. Ex. Pris- 
matoidal Sulphur, and tht decomposed varieties of uncleav- 
able Uranium-ore, called Urane-ochre. 

6*. Ochrc^yclhm. Yellow, with brown. .E.r. The varieties 
of rhombohedral Quartz and of uncleavable Quartz, if 
mixed with oxide of iron, from which this colour is d?rived. 

7- Wine-yellow. A pale yellow colour, with a little red 
and grey. The colour o|‘, several sorts of white wine. 
Ex. Prismatic Topaz from Saxony and from Asia Minor ; 
octahedral Fluor-haloide. 

8. Cream-yellow. A pale yellow colour, with a little red 
and very little brown, llare. Sometimes in lithomarge, 
and Bolus from SCrigau in Silesia. 

9. Orange-yellow. Yellow, very much* inclining to red. 
The colour of ripe oranges. Ex. Several varieties of pyra- 
midal Lead-baryte from Hungary and Carinthiu. 

G. Red. 

Aurora-red. Bed with a great deal of yellow. Very 
distinct in several varieties of hemi-prismatic SuljSiur. 

2. Jlyacinih-rcd. Bed with yellow and a little brtfwn. 
Ex. Pyramidal Xircon, called Hyacinth ; dodecahedral 
Garnet. 

3. Brick-red. Bed with yellow, brown, and grey. The 
colour of newly baked bricks. Ex. Hemi-priimatic and^ 
prismatoidal Kouphonc-spar ; also Porcelain-jasper,* and 
other varieties of burnt clay. 

4. Scarlet-red. The brightest red colour, but not with- 
out a tint of yellow. It is the colour of Cinnabar, or 
of the streak of peritoinous Buby-blende. 

5. Blood-red. Bed >Y.ith a little of yellow and black. The 

colour of blood, Jlodecahedral Garnet, called Pv rope. 

0. Flesh-red. A pale red colour, with grejj and a little 

vellow. Ev. Prismatic Ilal-bJji'vtc. 

• * 

vox.. I. T 
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7 . Carmitte^rcd» The purest red colour, that of carmine. 
Hare. Eje. Dodecahedral Corundum. This colour occurs less 
distinct in the capillary varieties Of octahedral Copper-ore. 

8. CochineaUred* Hed with a little b*Lue and grey. JJx, 
Hhombohj^f^ lluby-blende ; dodecahedral Garnet. 

9. Ro8€^^d\ A pale red colour, mixed with white and a 
little grey, the colour of the flowers of rosa centifolia. Ex\ 
lihombohedral Quartz, called Hose-quartz, niacrotypous 
Parachrose-baiyte. 

*i0. Crimson-red. Hed with a little blue, a particularly 
fine colour. Ex. Hhombohedral Corundum (the bright co- 
loured varieties of Huby) prismatic Cobalt-mica. 

1 1. Peachhlossom^red. Hed with white and more of grey 
than rose-red. The colour of peachblossom. Ex. Prismatic 
Cobalt-mica ; also Lepidolite. 

12. ColumUne^ed. Hed with a little blue, and a great 
deal of black. Distinct in ‘dodecahedral Garnet. 

13. Cherryn^ed. A dark red colour, mixed with a great 
deal of blue, and a little brown and black. Ex. Prismatic 
Purple-blende. 

14. Bro'wmsh-rcd. Hed with a great deal of brown. The 
colour of reddle, a well known substance for drawing. Ex. 
Iron-flint, a mixture of rhombohedral Quartz and oxide 
of irbn. This colour occurs besides almost exclusively in 
^^undeterminable varieties of rhombohedral Iron-ore. 

H. Brown. 

1. Beddish-lrown. Brown mixed with a great deal of 
red. Dodecahedral Garnet-blende ; pyramidal Zircon. 

• 2. Clove^own. Brown with red and a little blue. Very 
distinct in prismatic Axinite ; also in several varieties of 
rhombohedral Quartz. 

3. Hair-dfrown. Brown with a little yellow and grey. 
Ex. Prismatic Iron-ore ; several varieties of uncleavable 
Quartz, called Wood-opal. 

4. Broccolidrown. A brown colour mixed with blue, 
red, and^grey, hardly to be defined, and scarcely ever to be 
met with, except in pyramidal Zircon. 
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5. Chesmit^lrotim. The purest brown colour. Ex, Egyp- 
tian Jasper, a variety of rhombohedral Quartz, mixed 
with oxide of iron. 

6. YeUoxvisJ^lromi, Brown with a great deal of yellow. 
Ex, Iron.flint and common Jasper, botlr y^ieties of rhom- 
bohedral Quartz, mixed^with oxide of iron'. 

7. PiticJihcck-bmm^ Yellowish-brown, with a metallic 
lustre, or with a metallic-pearly lustre. Ex, Several varie- 
ties of rhombohedral 'J'alc-mica. In this mineral, at least, 
pinchbeck-brown docs not deserve the name of a metallic 
colour, since it is only superficisd, and is changed in the 
streak into white or grey. 

8. Wood-hrown. Brown with yellow and grey. • The 
colour of old, nearly rotten wood. Very distinct in several 
varieties of hemi-prismatic *Augite-spar, called Mountain 
Wood ; sometimes also in Bituminous Wood. 

8. Liver-brown, Brown* with grey and a little green. 
Ex. Common Jasper, a variety of rhombohedral Quart#, 
mixed with oxide of iron and clay ; it occurs also in brown 
Earthy Cobalt, which is oxide of cobalt mixed with clay. 

1 0. BluckUh-brown, Brown with a great deal of black. 
Ex, Several varieties of black Minjral-resin, and of bitu- 
minous Mineral-coal, called Brown-coal. 

The mentioned varieties of colours represent as many 
fixed points, between which there exist in nature iwgrtat 
number of shades or varieties. Sur h colours are expressed 
by the indications of those two, with which they agree near- 
est. It is not necessary, however, that th?se two colours 
should be consecutive ones in the above series ; they may 
even be varieties of different principal colours. If d,he oc- 
curring colour differs but little from onj of these fixed 
points, it is said to represent, or to Le that colour, only^ 
inclining^ or parsing into another. 

Colours may be different in their intensity, though be- 
longing to one and the same variety. Differences of this 
kind are indicated by the expressions, pdk^ light^ dcep^ dark, 
which expressions do not require any further explanation. 
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§. 909 . SKBIES OF COLOCAS. 

The vaiieties of colours occiflrring in the indivi- 
duals of one and the same species, form an unin- 
terrupted seiliies, which is cajicd the Series of Co- 
lours Gfilmt Species. 

If we consider the colours occumng in a species, which is 
pretty complete in this respect, we find that they insen- 
sibly pass into each other, or that every one of them is in- 
termediate between two others. Thus they represent an 
uninterrupted succession of the shades of colours, and this 
It^is what is meant by the series of colours. 

The occurrence of the series of colours is the most im- 
portant fact in respect to the present subject for the use of 
Natural History. In order to obtain these series, by ab- 
stracting from the rest of the natural-historical properties 
of the individuals in any complete species, it is necessary to 
exclude all those colours, which are derived from a mixture 
with heterogeneous minerals ; as, for instance, the lemon- 
yellow, and the blood-red colours of prismatic Hal-baryte, 
the existence of which is owing to an admixture of certain 
species of the order Sulphur ; or the yellowish-brown and 
reddish-brown colours of rhombohcdral and uncleavable 
Quartz, arising from oxides of iron, &c. 

The^ series of colours cannot be described; they must 
necessarily be studied from nature ; but the little trouble 
which this requires will be amply rewarded. In the 
species*’of the order Gem, the most striking examples 
occur. Octahedral Diamond, rhombohcdral Corundum, 
prismatic Topaz, rhombohcdral Emerald, dodecahedral 
Garnet, and rhombohcdral Tourmaline, may serve as ex- 
amples for the illustration of these series. The scries 
of colours of octahedral Flilbr-haloide is one of the most 
common, and very easily completed, at least to a certain 
extent. This series comprehends a great variety of co- 
lours, and resembles, in some respect, the series of colours 
of octalicdral Diamond and of rhombohcdral Fluor-tfaloidc. 
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It is deserving of notice, that very often all the species of 
one genus possess nearly the same series of colours. Thu^ 
the several species of the genus Garnet entirely agree witii 
each, other ; tile three most common species of the genus 
Augite-spar, and more particularly the hemi-prismatic and 
the paratomous one, alnjpst entirely ^oindide in their series 
of colours. 

The metallic colours do not form any series at all, or at 
least, the series which they form are very limited. This is 
the reason why they are more applicable in the Character- 
istic than the non-metallic colour, the employment of which 
is almost entirely confined to the Descriptive part of Mine- 
ralogy. There are series containing both metallic and non- 
metallic colours, as, for instance, those of rhombol|^edral 
liuby-blende, of rhombohedfal Iron-ore, and others. 

The series of colours differ very essentially from the 
series of homogeneous forms (§. 85.) or from the series of 
ciystallisation themselves (§. 13C.). l^e latter are deriv% 
able from a single form, which is given or has been observ- 
ed, and can be obtained in their whole extent between their 
limits; whereas the former arise by the interpolation of 
new members between known ones ; and these consequent- 
ly cannot be produced with security beyond that extent, 
which is given by immediate observation. 

g. 203. SEVERAL OTHER PECULIARITIES IN THE 
OCCURRENCE OF COLOURS. 

The Pla^ of Colours^ the Chwige of Colours, 
the Opalescence, the Iridescence, the Tarnish^ ancl ' 
the Delineations of Colours, must be considered as 
properties very remarkable in themselves, though- 
of comparatively little us^ in Natural History. 

The only use that can be made of these properties, is in 
the Descriptive part of Natural History, and even here 
it is very limited. 
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The Platj of Colours is produced, if the mineral in certain 
directions reflects as it were coloured points of great inten- 
sity, which change with the positicAi of the mineral, or with 
the direction of the rays of light. Of tliis property, oct&» 
hedral Diamond, if cut, and precious Opal, a variety of un- 
cleavable Quartz, both cut af.d in its natural state, are 
quoted as examples. The play of colours in octahedral 
Diamond depends upon the reflexion of refracted light, 
occasioned by the artificial facets ; in precious Opal it is 
mof^ analogous to the change of colours and the opalescence. 
The Change of Colours consists in the reflection of bright 
hues of colour, in certain directions depending upon the 
structure of the mineral. The mineral which presents the 
change of colour in the most remarkable degree, is La- 
bradore felspar, a species o^ the genus Feld-spar. 

The Opalescence consists in a kind of milky light, which 
certain minerals reflect, eifher if cut cn cahochon^ or upon 
plane faces bothuiatural and artiflcial. It is, like the preced- 
ing property, analogous to the play of colours in uncleavable 
Quartz. In the varieties of rhombohedral Quartz, called 
Cats eye, it depends upon composition ; in prismatic Co- 
rundum, and in the transparent varieties of prismatic Feld- 
spar, called Moonstone, it depends upon the crystalline 
structHire. Upon this structure it likewise depends in 
ihombohedral Corundum, and in dodecahedral Garnet: 
this appears in particular in the six-sidbd and four-sided 
stars of* light, from which the varieties of the former have 
received the name of Asteria. 

The Iridescence shews the colours of the rainbow, simi- 
lac to those produced by the refraction of light, through a 
prisq^ of glass. It presupposes fissures or separations in 
the interior of the minerals, which may depend on struc- 
ture or on composition, or which may even be entirely ac- 
cidental. The included space, not filled u]) by the mineral, 
s||^ws the phenomenon of the coloured rings, sometimes 
vefy bright as in rock-crystal, a variety of rlioinbohedral 
Quartz, where it is occasioned by accidental fissures in the 
interior. Another varicyy of the 'same species, called the 
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IJainbow Calcedony, shews similar colours but more faint, 
and here they depend upon composition. 

Another remarkab^f property of certain minerals is, that 
they shew diffepcnt colours^ if examined by transmitted light 
in diflerent determined directions, which demonstrates that 
it is intimately connected with their •forms and structure. 
This property of minerals has been called their Dichroism. 
llhombohedral Tourmaline, prismatic Quartz, rhombohe- 
dral and prismatic Talc-mica, are among the most distinct 
examj)les. Several varieties of the first are nearly, opaque 
in the direction of the axis, while they shew different de- 
grees of transparency, and different green, brown, and blue 
colours, in the direction^ perpendicular to it. Triamatic 
Quartz is blue in the direction of the axis, yellowish-grey 
perpendicular to it. Prismatic Talc-mica is sometimes 
green in the direction of the axis, and brown perpendicular 
to this line, &c. The application of this property is ^eatly 
extended by examining minerals in polarised light, wher^ 
many minerals shew dichroism, which exhibit in common 
light the same colour in every direction. 

The Tarnish consists in the alteration of the colour of a 
mineral upon its surface. It is necessary to be acquainted 
with this peculiarity of certain minerals, in order to avoid 
confounding it with their real colours. Mine^^als with a 
perfect metallic lustre are almost the only ones subject to 
become tarnished ; in these it produces many shades of 
bright colours, the further distinction of which, however, 
is of very little use in Natural History. Several minerals 
become tarnished in a very short time, if a new fracture 
has been effected. Among these we obserfe native Ar- 
senic. 

Simple minerals very seldom present more than one colour 
at a time. There are, however, examples of the occurrence 
of two colours, as in rhombohedral Corundum, prismatic To- 
paz, rhombohcdral Tourmaline, prismatic X)isthenc-spar, and 
a few others. Compound minerals, on the contrary^f^e very 
often variegated ; and the Delineation of Colours comprises the 
figures which the different iColours produee. It is super- 



296 TERMIXOLOGY. §. 204. 

fluous to enter, in this respect, into a minute detail. Witli 
regard to the dendritic delineations, however, it is worth 
noticing that they are real imitative forms (§. Id3.), and 
that therefore they do not refer to the mineral upon whi(;h 
they are found : they may be only superficial, or be distri- 
buted throughout the whole mass of the specimen. 

The delineations of the Flo&ntine ruin marble, a com- 
pound variety of rliombohedral Lfine-haloide, represent on 
a small scale a very interesting phenomenon, which occurs 
ver^ otleii in nature on a larger scale ; this, however, is 
a subject foreign to the Natural History of the Miiipral 
Kingdom. 


§. 204. TUE STEEAK. 

If we scratch a mineral with a sharp instrument, 
either a powder will be produced, or the scratched 
place assumes 9 higher degree of lustre. Both 
these phenomena are comprehended under the ge- 
neral expression of the Streak. 

The lustre is increased by the streak in malleable me- 
tals, in several species of the order Glance, and in several 
varieties of black JMiiieral-rcsin. This is likewise the case 
with clay, and with several other decomposed minerals. 

The best method for observing the colour of the powder, 
is to rub the mineral upon a plate of porcelain biscuit, or 
upon a file, till the powder appears. In those minerals 
which are too hard for a process of this kind, the streak itself 
is of no great consequence. 

Some minerals retain their,^*olour in the streak ; others 
change it. Among the former are most of those belonging 
to the orders Glance, Haloide, Spar, and all those of a white 
colour ; among the latter, several of the orders Ore, Py- 
ritp^ Blende, &c. The former arc said to be unchanged in 
the streak ; of the latter, the alteration of the colour in 
ifie streak is indicated. A white or grey streak of rainc-i 
rals is said to be Hiicolourc^* 



§. 205 . Ol’XlCAL rROFKKTlKS OF MINKHALS. 207 

§. 205 . DEGREES OF TRANSPARE^JCr. 

With regard to tjjie transparency of minerals, we 
liSlve to observd the relative quantity of light which 
is transmitted through their subst{ince.> The use of 
the degrees of transparency is confined to the De- 
scriptive part of Natural History. 

These degrees are, 

1, Tramparent^ if the light is transmitted in a suHiclent 
quantity to enable us to distinguish small objects placed 
behind the mineral. 

2, SernutramparenU if it is possible to see an object behind 
the mineral, without, however, being able tq distinguish 
more of it, than its general outline. 

S, Translucent^ if a small ^juantity of light only falls into 
the mineral^ but without allowing an object behind it to^ 
be seen, except in so far as it in general may prevent the 
light from falling upon the mineral. 

4, Translucent on the edges^ if only the most acute edges 
of a mineral receive some light, wdiile the interior remains 
perfectly dark. This degree of transjjarency has moreover 
been distinguished into strongly and feebly translucent 
on the edges ; and it is upon distinctions of this kind that 
are ibunded the dilFerences between the varieties of Aom- 
bohedral Quartz, called flint, hornstone, jasper, &c. 

5, Ojfaquc^ if a mineral transmits no light at ML 

The species of the orders ]\letal, Glance, and Pyrites, 
consequently most of those which possess a pe#fect metaL^ 
lie lustre, are entirely opaque, 'fliis is, however, not*quite 
general for all the minc^p of a metallic appearance, as 
for instance the lamellar varieties of rhombohedral Iron-ore, 
which transmit sometimes in the sun a verv bright red 
colour. ^ 

Minerals of a non-mctallic appearance, arc not entirely 
opaque, a few species of the order Ore, perhaps except- 
cd. Yet accidental impurities influence so much their 
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transparency, that this property becomes almost entirely 
useless in the Determinative part of Natural History, 
'J'he best employment to be made nf it seems to be, in the 
distinction of compound varieties from sftnple ones, if th"? 
minuteness of the particles of composition prevents them 
from being observed immediately. Commonly in the same 
species (§. 190 .) the compound , varieties possess a less 
degree of transparency than the simple ones. A very dis- 
tinct example of this we have in the varieties of rhonibo- 
hedval Quartz. Almost all its single individuals, provided 
they are not impure, shew higher degrees of transparency 
than flint, hornstone, calcedony, and other compound va*- 
rieties. 


CHAPTER II. 

OF THE PHYSICAL PROPERTIES OF MINERALS. 

§. 206 . EXPLANATION. 

The ^properties of the substance of minerals, or 
thoge which have by preference been termed their 
physical properties, comprehend all those which 
neither depend upon their form and the space 
which they fill up, nor upon the presence or ab- 
^enep of light. 

Among these are i\xQ StSt^f Aggregation^ Hardness^ SpecU 
fic Gravity^ Magnethm^ ElenricUy^ Tasie^ and Odour m 

It is almost unnecessary to observe, that the expressions 
mass, o]> substance, must not be conceived in the chemical 
. sense of the word, and that these properties are not meant to 
-\^ie:more essential to the minerals than any of those which 
Have becK considered above, which perhaps might be in* 
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ferred from the consideration, that these properties refer 
to the minerals themselves, even though we should ab* 
stract from then* geoftietrical and optical properties. 

§. 207 . STATE OF AGGIIF.GAT10N. 

In respect to the state of aggregation, we distin- 
guish solid and Jluid minerals. The former are 
either brittle^ or sectile^ or malleable^ or Jlexible^ or 
elastic ; the latter are either liquid or expansible. 

A solid mineral is said t6 be — 

1, Brittle^ if in the experiment of detaching small par- 
ticles of it with a knife or jutile, these particles Ibse their 
coherence, and separate with a grating noise, while they fly 
about in the state of powder# I’he particles therefore cannot 
alter their respective situations without se])arating eii) 
tirely. Ex, All the species of the orders Gen;, Spar, Py- 
rites, several of those of Ore, Ilaloide, &c. 

2, MaUeabiCj if the particles detached by the knife, do 
not lose their connexion. From a malleable mineral, we 
may detach slices as we do from metallic lead. Ex, Many 
metals, hexahedral Pearl-kcrate, hexahcdral Sil^r-glance, 
and several varieties of black Mineral-resin. 

3, Sccfilc^ if in the above experiment the particles lose 
their connexion, and do not allow the separation of any 
slices ; but if at the same time they do not fly about with 
a noise, but quietly remain upon the instrument we have 
a})plied. The sectile minerals form an intermediate stage 
between the malleable a^^tlie brittle ones. This state of 
aggregation is commoiiljn^ distinguished by natural philo- 
sophers, though it is very useful in the characters of several* 
species. Examples of sec tile minerals we have in most of 
the species of the orders Mica and Glance, in some of the 
orders Haluide, Baryte, &c. 

4, Ductile^ if it can be wrought into sheets or^^wiire ; so 
that by the application of a greater or lessci^forcc, thepar^ 
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tides of the mineral may change their relative situation, , 
without absolutely losing their connexion. Ex. Several 
metals, as hexahedral Gold and horcahedral Silver. 

5, Fkxiblc^ if the particles, whose rel&tive situation hSs 
been changed, do not resume their former situation. There 
are flexible minerals, which are ?%either ductile nor malleable. 
Ex. Several metals, hexahedral Silver-glance, and several 
varieties of prismatic Talc-mica. 

6, Elastic^ if the particles, whose relative situation has 
been changed, resume their former situation. Ex. Several 
varieties of rhombohedral Talc-mica, and of black Mineral- 
resin. 

"A fluid mineral is more particularly said to be— 

1, Liquid^ if in pouring it out from a vessel, perfect 
round diV)ps are formed. JSx. Water, several Acids, fluid 
Mercury, and several varieties of black Mineral-resin. 

2, Viscid^ if the drops ard not round, but ropy. Mx. Se- 
veral varieties of black Mineral-resin. 

Expansible minerals do not shew any further differences 
in this respect. They comprehend the Gases and some 
Acids. 

It is evident that all these properties are subject to small 
variations, and that they pass into each other by insensible 
gradations. 


§. 208. UABDNKSS. 


Hardness in general may be defined to be the 
resistance of solid minei'als to the displacement of 
their particles. The magnitude of tins resistance is 


their Degi'ce of 


Hardness is a very useful property in the Natural His- 
tory of the Mineral Kingdom, particularly so in its deter- 
minative part. 

Nothing is attended with greater difficulties, than the 
eistablishn]ent of an accurate scale for the degrees of hard- 
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ness. It is necessary therefore to endeavour, even without 
an accurate scale of that kind, to become capable of ascer- 
taining and indicatirig these differences, at least with a de- 
gree of accuracy and certainty sufficient for the wants of 
the Natural History of the Mineral Kingdom. 

The existence of diifetences in the degrees of hardness 
among the mineralSf is very easily discovered, by tiie 
simple experiment of scratching one of them by the other. 
A sharp corner of rhombohedral Q.uartz will produce a deep 
cut in the mass of rhombohedral Liine-haloide ; \fhilst a 
sharp corner of the latter species does not injure the sur- 
face of the former. Hencp we infer, that rhombohedral 
Quartz possesses a higher degree of hardness than flioin- 
bohedral Lime-haloide ; and in general, that of two mine- 
rals, the harder one scratchesithe other, but canTiot inversely 
be scratched by it. Some precautions, however, are neces- 
sary in drawing general inferences from these observations. 

If we proceed upon this principle, \y& may obtain a Scale 
for the degrees of hardness, answering in every respect tlie 
purposes of Mineralogy. This is effected by choosing a 
certain number of suitable minerals, of which every pre- 
ceding one is scratched by that which follows it, while the 
latter does not scratch the former ; taking care always that 
tlic intervals between every two members of th^ scale be 
not so disproportionate, .as either to render its employ^ncftt 
more difficult, or to hinder it altogether. 

The following scale possesses these properties: ' 

1, PrUmalic Talc-mica^ the common Talc of mineralogists, 
of a wljitish or greenish colour. 

2, Prismatoidal Gyjwini-fialoidc, a variety impcufectly 
cleavable, of an inferior ;j^grec of transparency, and not 
crystallised ; crystals and perfectly transparent varieties 
being rather too soft. This degree of hardness is exactly 
that of hexalicdral Rock-salt^ which mineral therefore may 
be very useful, either in being immediately employed in 
the determination of hardness, or at least in fiuding out 
such varieties of the above-mentioned species, as /Exactly 
possess the required degree o^hardness. 
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3, 2Vio?nlo?ic(lral Linie-haloidc* Any clcavable variety, 
'riie minerals called Brown-spar (macrotypous Lime-ha- 
loide), or Bhomb-spar (macrotypous and brachytypous 
Ijime-haluide), cannot be employed in Us place, the bald- 
ness of these being considerably higher. 

4, Octahedral ^^Inor^haloUhi. ^ Any cleavable variety. 

6, RhoniboMral Fluor^haMdc. ^he variety frohi Salzburg 
called Asparagus-stone, possessing a conchoidal fracture. 
The Apatite from Saxony or Bohemia, will seldom be 
found to answer the purpose, though of exactly the same 
degree of hardness. 

(i. Prismatic Fcld-sj)at\ A perfectly cleavable variety of 
Adularia. 

7, llhombdkcdral QuarLi* Idmpld and transparent. 

«, PtHsniallc Topaz. Ahy simple variety. 

9, lihomhohedral Conntdttm. 'fhe easily cleavable variety 
from Bengal, called Corundum-stone. 

10, Octahedi'ul Diamond. 

The minerals, which represent the units of this scale, 
have been chosen among those species, which may be most 
easily acquired with the necessary qualifications, exce])tiiig 
])er]iups only rliouibohodral Fluor-haloide. Yet it has been 
impossible to diid out another which might be as useful in 
its place. 

. The intervals between the members of the scale are not 
everywhere of the same magnitude. Octahedral Diamond 
is evidentlymuch harder, if compared with rhombohedral 
Corundum, than octahedral Fluor-haloide, if compared with 
rhombohedral Lime-haloide. This, however, is of no con- 
sequence in the case above mentioned ; for thfre exists no 
mineral of a hardness intermediate between the degrees 
represented by the two first of these species. But the 
interval between rhombohedral Fluor-haloide and prismatic 
Feld-spar is likewise greater than it should be. In this case 
it would be very desirable to have another mineral which 
might allow of being employed instead of rhombohedral 
Fluor-haloide. But in general it is very difficult to ascer- 
tain the perfect equality of the intervals between the differ- 
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ent degrees of hardness, and on that account also it is 
very difficult to be obtained. Yet all these imperfections 
are by no means prejudicial to the useful employment of 
the scale. 

The degrees of hardness are expressed by means of those 
numbers which in the a]^ove enumeration are prefixed to 
them. Thus the har\]ness of rhombohedral Idme-haloide is 
s= 3, that of rhombohedral Corundum ss 9. 

The intervals between each two subsequent members may 
be divided into ten equal parts ; and these tenths d(*terniln- 
ed by estimate. It will very seldom be required to value 
the hardness to more or less than 0. 5 ; but it will aL 
ways be possible to proceed so as we find it necess&ry to 
answer our purpose. 

The state of liquidity ma^ be considered ^ the zero of 
the scale. 

If, in employing the scale, we endeavour to find the de- 
gree of hardness of a given mineral, by trying whiclf 
member of the series is scratched by it, and which of 
them injures the surface of the given one, it will appear 
that the specimens employed should possess certain proper- 
ties, in many cases difficult to be found. They should all 
have faces perfectly smooth and even, and solid angles or 
corners of the same form, and be equally durable 

As to the faces, those produced by cleavage seegi tiie 
most eligible, if they possess a pretty high degree of per- 
fection. Faces of crystallisation are commonly uneven or 
streaked ; cut and polished faces, however, in many in- 
stances shew a less degree of hardness than the mineral 
really possesses. 

It is still more difficult to obtain the corners with the 
constant quality which is required. Even in a determined 
form these are sometimes liable to be so much influenced 
by structure, that they give very uncertain «^sults. In 
this respect, the solid angles of the tetrahedron'^ and those 
of the octahedron of octahedral Fluor-haloide, shew, quite 
different phenomena. The corners of compound varieties, 
in which the individuals beco|ne impalpable* or disappear, 
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such as Calccdony, Flint, and others, arc commonly found 
very powerful, much more so than similarly formed corners 
of simple varieties. But if the composition is still observ- 
able, the particles very often separate in' the experiment \)f 
scratching another mineral, and the corner of a compound 
mineral cannot produce the ^^IFect of that of ^e simple 
mineral. The application of the edges is subjcctlto similar 
difliculties. 

Numerous experiments of determining the degree of 
hahlness, by the mere scratching of one substance with 
the other, have completely established, that this process 
alone is not sufficient, if we intend to make a more sure 
and extensive appUc^i|K of the characters that may be 
taken from Hfirdncss, tMn that which has hitherto been 
common in Mineralogy. 

But if we take several specimens of one and the same 
mineral, and pass them over a fine file,^ we shall find that 
an equal force v/ill everywhere produce an equal elfect, pro- 
vided that the parts of the mineral in contact with the file 
he of a similar size, so that the one does not present to 
the file a very sharp corner, while the other is applied to 
it by a broad face. It is necessary also that the force applied 
in this experiment., be aheays the least possible, 

Evtry person, however little accustomed, will experience 
a very marked difference, if comparatively trying in this 
way any two subsequent members of the above scale, and 
thus tlie difference in their hardness will be easily perceiv- 
ed. A short practice is sufficient for rendering these per- 
ceptions more delicate and perfect, so that in a short time 
it* is possible to determine differences in the hardness very 
much less than those between two subsequent members of 
the scale. 

Upoiv^h^e observations is founded the application of 
the •fcdlih general principle of which consists in this, 
that tne ^gree^ of hardness of the given mineral is com- 
pared with the degrees of hardne^^ of the membei's o#-"the 
scale, not immediately, by their ijiutual scratching, but 
meiliatcly, through the Fife., ami determined accordingly. 

The proccs!? of ili»s doteriiiination is as follows^ 
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First we try, with a comer of the given mineral, to 
scratch the members of the scale, beginning from above, 
in order that we may not waste unnecessarily the spe- 
cimens representing lower members. After having thus 
arrived at the first, which is distinctly scratched by the 

C sn niineral, we have recourse to the file, and compare 
nlikhe hardness of tills degree, that of the next higher 
degree, and qf the given mineral. Caro must be taken 
to employ specimens of each of them nearly agreeing in 
fonu and size, and also as much as possible in the quality 
of their angles. From the resistance these bodies oppose 
to the file, and from the noise occasioned by their passing 
over it, we argue with perfec^gcurity upon their onutual 
. relations in respect to hardncsIS^he expliriment is repeat- 
ed with all the alterations tliought necessary, •till we may 
consider ourselves arrived at a fair estimate, which is at 
last expressed by the number of that degree with which it 
has beett found xb agree nearest, the decimals l^ing like-> 
wise added, if required. 

The files answering best for the purpose are fine and 
very hard ones. Their absolute hardness is of no conse- 
quence ; hence every file will be applicable, whose hard- 
ness is in the necessary relation with that of the mineral. 
For it is not the hardness of the file with whiclmwe have 
to compare that of the minerals, but the hardness of ano- 
ther mineral, by the mediu|n of th^ file. From thi^. ob- 
servation it ajppears, that the application of thc^file widely 
difiers from the methods of determining the hardness ol* 
minerals which have hitherto been as scratching 

glass, i^lriking fire with steel, cutting with a kn&e, sgratcR- 
ing with the nail, &c. 

Besides an appropriate form, there is another necessary 
property of the minerals to be determined, consisting in 
their state of purity. Neither the^degi'ee of 1&^ess, nor 
. that of specific gravity, can be correctly asebM^^ed, if we 
^^l^mploy impure substances. For the same reason it would 
“be wrong to make use of minerals which have undergone a 
total or even partiSl decompe^ition ; and in*general every 
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circumstance which might influence the hardness, must be 
duly attended to, if we intend to arrivre at a useful and 
correct result. 

Minerals that cleave with particular facility in only oi),e 
directionj very oilen shew a less degree of hardness upon 
the perfect face of cleavage, than in other directions. Pris- 
matic Disthene-spar sometimes is scratched by%tahedral 
Fluor-haloide upon the eminent face of cleavage, whilst an 
angle of the very same individual scratches not only rhom- 
bohcdral Fluor-haloide, but even sometimes prismatic 
Feld-spar. If we intend to determine a mineral of this de- 
scription by the help of the Characteristic, it will be the 
best plan to take a m9a|^ term between the two degrees 
measured, or jeather to keep nearer to the higher one. It 
would be 'Wrong to receive them into a scale of hardness, 
like the preceding one, since this would betray a want 
of acquaintance with the scale itself, and with its employ- 
ments, 

Supposing all the precautions necessary in determining 
the degrees of hardness to have been taken, and the cir- 
cumstances well attended to, which might have exercised 
some influence ; we find that those individuals which be- 
long to one and the same species, admirably agree with 
each other in respect to this property ; and that deviations 
« from an exact coincidence, if they happen to occur, do not 
take place per mltumy. but that they are joined with each 
other by intermediate members. These members produce 
a series, in most cases between very narrow limits. This 
observation seems to be contradicted by the authority of 
several minezalo^cal works. But there are Indeed few 
subjects with regard to the properties of minerals, which 
have been treated with mote indifference or even careless- 
ness than their hardness, and on this account little or no 
credit ^^due to whal? mqst of the mineralogical works con- 
tain orits indications. 

KinwAK, Be la Methebie, and Home de LTsee, 
have each endeavoured to construct scales of hardness. A 
comparative table of the .hardness of different substances 
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13 contained in the works of Hauy. A glhnce at them will 
suffice for enabling us to form an idea of their applicability. 

§.^09. SPECIFIC GRAVITY. 

If we suppose the absolute weight of one of two 
bodiesj^possessing |he same volume, to be = 1 ; 
the ratio of the absolute weight of the other to 
this unit, is termed its Specific Gravity. 

The determination of the specific gravity depends upon 
the comparison between absolute weights and volumes. 
They cannot be instituted aty^ll, or at least not to ti suf« 
Relent degree of accuracy, merely by ^ht or estimate. 
We must avail ourselves of the assistance of appropriate 
instruments, if we wish the determination to be of use. 

The instruments intended for ascertaining the specific 
gravity of solid bodies, are the Hydrgstatic Balance and^ 
Nicholson’s Araeometer. That of a liquid is determined 
by weighing in it a solid body, whose specific gravity wo 
know, and which is not soluble in the liquid. Instruments 
have likewise been constructed for this purpose. The de- 
termination of the specific gravity of expansible fluids re- 
quiresf very delicate operations, and instruments^ that are 
not within the reach of every body. 

The arrangement of tlicvr two above mentioned instru- 
ments, their use, and the whole process of takingjbhe specific 
gravity of bodies, are very generally known, or at least they 
may be found described at large in every tr^tise on Natural 
Philosophy. Each of them possesses particular advanl;agef. 

The hydrostatic balance allows of a high degree of ac- 
curacy, and is very convenient in its use. /The instru- 
ment being correct in itself^ and delicate as a common 
balance, its delicacy as a hydrostatic one will dgpend upon 
the thinness of the thread by which the vessel is suspended, 
which bears the body immersed in the water. A human 
hair is sufficiently strong for supporting a weight of three 
hundred grains, and therefor^ very useful In taking the 
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specific gravity of such bodies as do not possess any great 
absolute weight. 

The pm, which supports the uppermost cup of the arseo- 
meter, destined for the reception of tl^ weights and of 
the body to be weighed, must possess a certain diameter, 
since it acts not' only as a ^supporter, but also in the 
capacity of a real weight, according to the deptK^to which 
it is immersed in the water. This diameter, however, 
must remain within certain limits, if the instrument shall 
not *lose its niceness. 

The hydrostatic balance will therefore be more eligible for 
more accurate inquiries, either for obtaining a greater num- 
bed of decimal figures, or fm: dclermining the gravity of a very 
small specimen : hence it must always be employed, if our ob- 
ject is to fix the limits of the range in the specific gravities 
of a natural-historical species, for the sake of the determina- 
tion of its varieties ; and this has been done in the species 
contained in the subsequent Characteristic. For the com- 
mon use of determining the specific gravity of minerals, in 
order to find out their denominations by the assistance of 
this Characteristic, the araeometer will be found both suf- 
ficient and preferable, because in this case we may ac- 
quiesce in most cases in the first decimal figure of the spe- 
cific gravity. The instrument is besides rccommendable, 
OQ account of its being cheap and portable. The size of 
the s])ecimens, the specific gi'avity of which may be taken 
by help of the araeometer, cannot exceed certain limits, 
determined on one side by the absolute weight it will bear, 
till it b^ imm^i^sed to the sign marked upon the pin, on the 
othej[ by the nicenoss of the instrument itself. 

In taking the specific gravity, we must likewise observe 
the degree of temperature. The changes of temperature 
render it necessary to determine the normal weight, or that 
which isf required for depressing the araeometer to a cer- 
tain point, at every experiment, in the same way as it is 
necessary in the hydrostatic balance, which likewise, previ- 
ous to every experiment, must be brought into equilibrium. 

The minerals, of whiq*! we intend to take the specific 
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gravity, must be perfectly pure. The g^atest care there* 
fore must be taken in removing as much as possible what- 
ever heterogeneousisubstances may adhere to them, or at 
least, if this*should be impossible, not to neglect consi- 
dering the influence of such an adniixture upon the cor- 
rectness of the resultSb Moreover, all the vacuities or 
empty spaces within the specimens, must carefully be 
opened. In order to get rid of these, the minerals ought 
to be broken down, till, even by the assistance of a mi- 
croscope, we can no longer detect a want of contfhuity in 
the fragments. Compound varieties are more subject to 
contain similar vacuities than simple minerals; for this 
reason the composition must be removed, at least irf so far 
that it cannot have any more influence upon the accuracy 
of our results. Yet the nunerals must not*be too much 
reduced in size, since this might lead into an opposite er- 
ror, in supposing those mmersds lighter than water, which 
swim upon it, when reduced to an impalpable powder. 

These precautions have been very often neglected in 
taking many of those specific gravities quoted in mineralo- 
gical works, and thus numberless erroneous and inaccurate 
statements have been introduced, which render their em- 
ployment at least uncertain, and on that account use- 
less for Mineralogy. Another source of error,* for which 
many examples might be quoted, consists in the incorrect 
determination of the natural-historical species to which 
the specific gravities have been referji^d, and •which have 
passed from one work into another. 

A certain degree of attention is requiirM, bqfh in select- 
ing the specimens and in the operation of ascertq|;ifng the 
specific gravity. But from this it will appear that the re- 
sults of the single experiments made upon specimens of 
homogeneous minerals, coincide in a remarkable degree ; 
and thus we may argue upon the great importance of the 
application which this property will allow in the Natural 
History of the Mineral Kingdom. 
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§. 210 . MAGNETISM. 

Some minerals act upon the magnetic needle, if 
they arc brought within the sphere orits atti'action* 
Others become magnets themselves. These pheno- 
mena are made use of as chwacters, under Ae 
name of Magnetism. 

Ths only minerals hitherto known, which exercise a con- 
siderable action upon the magnetic needle, arc the octahe- 
dral Iron, and the octahedral Iron-ore. Ithombohedral 
Iroti-ore, rhombohedral Iron-pyrites, and several others, 
likewise act upon it, but with less energy. 

Instead uf a needle, the vnagnctic bars may be applied 
in examining miiierals, which in this case must be convert- 
ed into a fine powder, in order to extract from them such 
particles as possess magnetic properties. 

§. 211 . ELECTRICITY. 

Several minerals produce electric phcnoniena ; 
gome of them by friction, others by pressure, others 
by communication, and others by heat. Some are 
idio-dlectric ; others arc conductors of electricity. 
These phenomena may be usefully aj^plicd as 
characters of minerals. 

\itreo\is electricity is produced by friction in most nii- 
neral?of the orders Gem, Spar, INIica, Baryte, &c. in seve- 
ral Ilaloides, and even in Salts. In the same way those of 
the orders Sulphur, Ilcsin, and Coal, shew the phenomena 
of resinous electricity. As conductors of electricity, wc 
may notice the minerals of the orders Metal, Pyrites, and 
Glance. Those of the orders Blende, Ore, and several 
others, do not appear quite uniform in this respect. 

Heat produces electric phenomena in prismatic Topaz, 
in rhombohgdral Tourmalvic, in prismatic Kouphone-spar, 
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in axotomous Tripliane-spar, in prismatic Zinc-baryte, &c. 
The opposite extremities of the crystals assume in these 
species opposite kin(^ of electricity, and they possess there- 
fore electric a:fCes. Tetrahedral Boracite shews four electric 
axes, coinciding with the rhombohedral axes of the hexa- 
hedron. This difference in the electric phenomena is very 
often accompanied b^^ a different configuration of the oppo- 
site terminations of crystals (§. ICO.). 

The processes employed in producing and observing the 
electric phenomena, and the small apparatus required, may 
be found in many works, both described and illustrated by 
figures. Perhaps these phenomena will prove in future 
more useful for the purposes of Natural History, than has 
hitherto been the case, since, in respect to minerals, they 
have been too generally considered as mere* physical cu- 
riosities. 


§. 212 . TASTE. 

Several minerals, solid as well as fluid, produce 
a sensible taste. Most of the solid ones are taste- 
less. This difference yields very useful general 
characters. 

All the Acids and Salts produce some taste. The salts 
found in nature, commonly not shewing any oS the charac- 
ters required for their exact determination, their taste. is 
almost the only one left to which we possibly jnay recur ; 
and for this reason the differences in the kinds of tjislc have 
been provided with particular denominations. The follow* 
ing expressions have been employed : 

1, Astringent for the taste of vitriol; 

2, Sweetish for the taste of alum ; 

3, Saline for the taste of common salt ; 

4, Alkaline for the taste of soda ; 

5, Cooling for the taste of saltpetre ; 

6, Bitter for the taste of e]}som salt ; 
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7, Urinous for the taste of sal ammoniac ; 

8, Sour for the taste of sulphuric acid, or of carbonic acid. 

Besides, the intensity or oth^l*, peculiarities of several 

kinds of taste may be indicated, which is sufficiently plain 
by the manner in which it is eRected in this work. 

Pure artificial salts are mostv eligible as examples for the 
different kinds of taste. Some cai^tion is required in ascer- 
taining this character in unknown minerals. Since in most 
cases it is quite sufficient to know, whether or not a mine- 
ral excites some taste, we may also dissolve them in water, 
because all sa^jid minerals are soluble in a small quantity 
of this fiiiid. 


313 . ODOUR. 

There are minerals which, either spontaneously 
or when rubbed, emit some odour, which likewise 
‘in particular cases may afford useful characters. 

Several varieties of black Mineral-resin possess a bitu- 
minous odour. The species of the genus Iron-pyrites emit 
a sulphureous odour, when strongly rubbed, as takes place 
in striking fire. The Arsenical-pyrites under the same cir- 
cumstUnces yield an arsenical or garU^ smell. Several 
varieties of rhombohedral Liine-haloide, of prismatic Hal- 
bary te, of prismatoidal Gypsum-haloide, Ac., if rubbed with 
hard substances, emit an empyreuinatic odour ; pebbles of 
rhombohedral Quartz, and other hard bodies, if rubbed 
against^ each other. Several llcSins produce a peculiar 
udnur, if rubbed against soil substances. 

Certain species of Gas, of expansible Acids, possess a 
peculiar kind of odour ; that of rotten eggs, of rotten fish, 
of burning sulphur, &c. 

Besides the characters treated of till now, there are still 
some more phenomena which have been employed as such, 
by minerdldlpl^ Among these, the Adhesion to the tongue 
is almost exclusively m^t with in decomposed minerals; 
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the Unctnons and Meagre touch are used for distinguishin|T 
certain friable minerals; and the PhosjdiorcsceHce produced by 
heat, is also employe^ hi those minerals in which the natural- 
historical properties properly so called are not observable. 
It would be superliuous to dwell any longer upon these 
subjects ; the more so sj^cc every Treatise on Mineralogy 
may be consulted foi;all their particulars. 



PART IL, 

THEORY OF THE SYSTEM, 

§. 214. IDENTITY. 

Nat,ural productions, which do not diffei* from 
each other in any of their natural-historical proper- 
ties, are identical (§. 14.). 

This proposition is self-evident ; and it is the foundation 
of the whole Theory of the System in Natural History. 

lly considering in this science two bodies as identical^ it 
is meant that every one of tliem may be substituted in the 
place of the other in every natural-historical respect ; so 
that if the one belongs to a certain class, to a certain order, 
genus, or species, tlie other likewise must necessarily belong 
to the same class, to the same order, genus, and species. 

In considering the identity of two bodies, we must ab- 
stract all accidental diflerences (§. 20.). Such are, besides 
the size of cr 3 ^stals, also the dispropj^j^nate enlargement 
of some of their faces (§. 159.), their^^nction with other 
iiu^ividuals, their being implanted or imbedded, &c. Indi- 
viduals, ^wdiich differ only in properties of this kind, must 
be taken for identical ones, as well as those which agree 
also in respect to these accidental circumstances. 

§. 215. siFirKUExci!:. 

Individuals, -which do not agree in all their na- 
tural'historical properties, are not identical. 

This proposition is an immediate consequence of the 
preceding one. 

If two individuals agree in every one of their properties, 
except in their crystal^efform, or in colour, or in hardness. 
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or in specific gravity, &:c., so as to differ only in one of these 
properties, nevertheless they will not be identical. For 
the above mentionediproperties are natural-historical ones, 
and upon these* depends their identity or their difference 
(§. 214.). Hence the difference amon^ individuals may be 
produced by a difference, however small, in any one of their 
natural-historical properties; and in this case, from the 
one nothing can be argued in respect to the other. It is 
almost superfluous to observe, that accidental differences 
also in the present place cannot have any influence upon 
the difference or identity of bodies. 

The Natural History of the Mineral Kingdom does not 
require any foreign assistance for determining what is*acci- 
dental or not, and agrees in this respect witli the Natural 
History of the Vegetable and of the Animal Kingdoms. 

§. 216. DEGKEES’OF DIFFERENCE. 

The difference among those individuals 'which 
are not identical (§. 215.), does not everywhere 
take place in the same degree. 

Suppose two crystals of dodecahedral Garnet, to agree 
in aH their nati^l-historical properties except •in their 
crystalline forniisi the form of tlic one being the dodecahe- 
dron, while that of the other is a digrammic tetragonal- 
icositetrahedron. These individuals are evidently different. 
Now, suppose one of those crystals again, to be compared with 
a crystal of hexahedral Gold. There is also a diQerencc be- 
tween these two individuals; and nobody will hesitifte in 
pronouncing the degree of difference in the latter case to 
be higher than that in the preceding one; even though^ 
the form of the crystal of hexahedral Gold should be exact- 
ly the same as that of the crystal of dodecahedral Garnet. 
Many examples of this kind might be quoted, which indubit- 
ably demonstrate the degrees of difference not to be the same 
in every two different individuals. We Qiay very easily 
perceive what influence this x^ust have upon the fiirihei: 
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consideration of mineral productions, and what would be 
the consequence if^ on the contrary, we should meet every- 
where with exactly the same degrees of difference. 

These degrees of difference must nob be valued accoifJ- 
ing to the nuihbey or the kind of properties in which those 
individuals differ which are not identical. They depend 
rather upon certain rektions of these properties with each 
other, which will be explained afterwards. A crystal of 
hexahedral Iron-pyrites is much more different from a 
crystal of prismatic Iron-pyritcs, though they should ex- 
actly agree in every property except in the form, and what 
depends upon it, than one crystal of rhombohedral Corun- 
dum, of the variety called Sapphire, from another of the 
same species called Adamantine spar. And yet the form 
of the fi?st is an isosceles six-sided pyramid, that of the 
other a regular six-sided prism. The first presents almost 
no trace of cleavage, while" the other cleaves very easily 
parallel to the faces of a rhombohedron : they differ more- 
over in colour, in transparency, and in many other charac- 
ters. Such examples arc common; and whoever therefore 
would determine the degrees of the natural-historical affi- 
nity acepr^ng to the number, or even to the kind of pro- 
perties fidt agi-eeing, considering the one as more essential 
than Hlic other, would act contrar^g) the priitfkiples of 
^(atural History. 

If it were possible to invent a scale tor measuring with 
accuracy the degrees of difference among the non-identical 
individuals^ this would afford most useful assistance in clas- 
sifying; the productions of inorganic nature. But there 
exists no such scale. We must contrive, therefore, to col- 
lect several of the non-identical individuals, adapted to this 
purpose in respect to their properties, and to bring them 
•under the idea of Ulcniity (§. 214.). This will enable us to 
extend the inferences which may be drawn from identi- 
cal individuals, to such as by themselves do not exactly 
agree ill all their properties. Without this process of ex- 
tending t^^^jdea of identity, it would be impossible to 
derive froni il a sufficicxUly useful employment in Natural 
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History. In order to effect this, however, some prepara- 
tions will be necessary. 

217 . MUTUAL RELATIONS OF THE NATURAL- 
HISTORICAL PROPERTIES IN CERTAIN INDIVIDUALS. 

Individuals, which site different from each other 
in their natural-historical properties, so that their 
differences constitute members of 07 ie ayid the same 
scries, may thoroughly agree with each otHer in 
the rest of their properties. 

Among the different cases comprised under this Read, 
there is one more remarkable than the rest, if the differ- 
-ences of the individuals consist in the forms, and if these 
forms are members of a series. It deserves to be considered 
more in particular, since alfthc others may very easily be 
explained upon a similar principle. 

Experience confirms, in numerous examples, that forms, 
which arc different members of the same series, may, in 
other respects, possess properties entirely equal and similar. 
A demonstration, however, may be giv^n of this proposition 
with more generality, and which therefore will receive a 
greatlar degree p^^idence than that which it couRl acquire 
j.by any number w-description of examples quoted. 

It has been obseriS^ed above (§. 139.), that such forms, 
as are members of one series, may enter into combina- 
tion with each other, and inversely, that all the combin^v- 
tions produced by nature contain only such siiqple forms 
as belong to, or represent members of, one and the •same 
scries. 

An individual appearing in a compound form, appears at. 
the same time in as many simple forms as the combina- 
tion contains ; and, in respect to these, it may be consi- 
dered as representing as many individuals at a time (§. 138.). 
But with^.evcry one of these simple forms we find connected 
the res\ of the natural -historical properties jfjthe individual 
under consideration. These assipmblagcs of properties repre- 
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sent individuals, which, in so far as their forms are members 
of the same series, differ only in these, and in none of their 
other properties. Every combination occurring in nature 
confirms, therefore, the above proposition ; and if we {\fe 
capable of dexiving useful arguments from it, these will 
be perfectly general, on account of the perfect generality 
of the laws according to which combinations are formed 
(§. 131). 140.). 

The preceding observations are not limited to the series 
of ftrystallisation ; but they extend to every natural-histo- 
rical [iropcrty, by the differences or gradations of which 
series are produced. It applies, however, equally to any na- 
tural-historical property whatever: their gradations may 
produce series or not ; because those which give no series 
at all, or«at least not in evory instance, may yet be consi- 
dered as series of equal members. In the present inquiry 
the series of forms have been chosen by preference, because 
they allow of a mathematical mode of treatment, and there- 
fore impart a full evidence to the arguments derived from 
them. Together with the arguments, also, this evidence 
is transferred to other series of properties treated in the 
same manner. 

§. 218.0 INDIVIDUALS BROUGHT UNDER THE lDEx\ 
OF IDENTITY. 

Individuals, whose forms are members of a se- 
ries, their remaining natural-historical properties 
being entirely coincident, may be brought under 
the idea of identity. 

It cannot be liable to any objection, that every indivi- 
dual, not excepting those which appear in compound forms, 
is identical with itself. But if in this combination we al- 
low all the simple forms to disappear, except one, and con- 
tinue this process with every simple form contained in the 
combinatioi^. we develope a series of individuals^ each of 
which is exactly in the same relation to the idea of iden« 
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lity as the fundamental individual, and which therefore 
exactly agree in respect to this idea, although they are 
not absolutely ^enticd« It is indifferent which of the 
simple forms v^e ma/ ascribe to the one or to the other ; 
and thus tee may arbitrarily exchange these forms with each 
oilier^ •without in the least altering any hVing in res^icct to that 
relation. Two or more these individuals become abso- 
lutely identical (§. 21^.), if we suppose them to possess one 
and the same form. Herein consists the process by which, 
under the supposed circumstances, individuals, thoygh not 
absolutely identical, may yet be brought under the idea 
of identity. 

If, on the contrary, a number of different individiyils is 
given, agreeing in every natural-historical property except 
the forms of crystallisation, ^nd if these fori\)s are mem- 
bers of the same series, we are entitled to consider all 
those individuals as a single^onQy whose form is a combina- 
tion of the different simple forms of the single individuals, 
with which the rest of the properties exactly agree. The 
individual in the compound form is identical with itselfyhnd 
the single individuals contained in it will consequently be 
in an exactly similar relation to the idea of identity. 
This proves that by the above mentioned process, that is to 
say, by substituting one form instead of the ot^cr, they 
may be collected^Jtnder the idea of identity. 

In order to explain this by an example, let us siipjlbse a 
crystal of 'octahedral Fluor-haloide to possess the form of 
a hexahedron. If we substitute the octahedron m its stead, 
the relation of the individual to the idea of identity iS 
not altered, because the two forms, the hexahedron and 
the octahedron, are members of the same series of crystal- 
lisation. Notwithstanding this and other similar substitu- 
tions, the individual does not cease to be octahedral Fluor-* 
haloide. But if, instead of the hexahedron, we suppose a 
rhombohedron, or any other form not belonging to the 
tessular system, to take the place of the hexahedron, the 
relatiotf of the individual to the idea of identity is indeed 
altered, and it can no longer be maintained llat tlie uidivi- 
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dual still remains octahedral Fluor-haloide.' For if we sup- 
pose a number of individuals, to a^ee with each other in 
all their properties, exceptin^heir th^se. however 

not being members of the same series'^; we are nbi entitle^d 
to apply to them the above process ; because the differences 
existing among them cannot be removed or made to dis- 
y appear by the idea of a series, and accordingly the indi- 
viduals themselves cannot be brought under the idea of 
fdentity. The degree of difference (§. 2 1C.) between such 
incUviduals is therefore much higher than it would be, if 
under the same circumstances the forms were members of 
the same series. 

, As an example of the latter case, wo may quote the hexa- 
hedral and the prismatic Iron-pyrites. There exist indivi- 
duals in these two species exactly agreeing with eacli other in 
every one of .their natural-historical properties, except their 
crystalline forms. But as these forms belong to different 
systems, and are therefore incompatible with each other, 
th| difference between the individuals appears greater than 
would be, if the forms should belong to the same series. 
The process explained in the members of the series of 
crystalline forms, naturally applies likewise to every pro- 
perty, from the gradual differences of which series arise. 
Thus we arc provided with the means of discovering such 
individuals, as, though not absolute^ identical, may 3^et 
. be brought under the idea of identity, and of separating 
them from all the rest. Such individuals might be col- 
lected under particular ideas; but such ideas would be 
of little use, on account of their very limited application to 
experience. Nevertheless they lead the way to that idea, 
which it is the particular object of the present inquiry, to 
develope according to the principles of Natural History. 

§. 219. CONNEXION OF SEVERAL SERIES OF INDIVI- 
DUALS. 

An individual which, on account of its^lfonn and 
the rest dibits natural-historical properties, is a 
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member of a series of individuals (§. 218 .), differ- 
ing in nothing but their forms, may at the same 
time be a member of another series of individuals, 
Offering only in the gradations of their colours, 
&c., the rest of the natural-historical properties 
being supposed exactly to agree. 

Let A, B, C, D, . . . 

represent a Series of Individuals^ in which the forms and the 
colours are not yet determined, so that every one of those 
letters signifies the aggregate of the remaining properties, 
which are exactly the sam6 in all of them. Hence ia this 
respect they differ from each other only by their succes- 
sion, that is to say, by their not being one aad the same 
thing. Suppose, now, every individual to have the same 
colour a, but different forms, without the latter of which 
they would not be different individuals.^ According to our 
supposition, these forms must be members of the sanie se- 
ries, and may therefore be expressed by 
X, X -h 1, X + 2, X -h 3, 

where X may denote any fundamental form whatever. 
The designation of the scries of individuals, as above, only 
including their forms and colours, will therefore be 
I. A.a.X; B.a.(X+l); C.a.(X-h2); D.a.(X4-3); ... 

A fragment of another series of individuals may, finder 
the same restrictions as those mentioned above^ be desig- 
nated by 

• • • B, Q, Xt, S, . . • 

P, Q,, B, &c. being similar aggregates of prdjperties, as 
A, B, C, &c. in the preceding scries. Suppose the differ- 
ence among the individuals to consist only in their colours, 
which, according to the supposition, are members of on^ 
series of colours. The colours of the individuals 
... b, c, d, e, ... 

which represent members of a series of colours, may be 
joine^o a form X + n, common to them .all, and to the 
above mentioned aggregates, so that the ehth-e designation 

VOL. I. X 
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of the scries of individuals, every property being taken 
into consideration, becomes 

II P.b. (X + n); Q.C. (X + n)i Il.d.(X + n); 

S. e. (X + n) ; . . . 

The individual connecting the two series, or that which 
at the same time^is a member of the series I. and a mem« 
> ber of the series II. ; must necessarily possess the form 
I^X + n) and the colour a, the rest of its properties coincid- 
fiig exactly with those of the two series. If, for the indi- 
vidual above mentioned, we designate that aggregate by N, 
the individual Itself will be : 

N. a. (X + n). 

For under these circumstsfiices its properties, excepting 
the form, agree entirely with those of series I. ; and this 
form is a^membcr of the eeries X, X + 1, &c. ; whilst in 
the same manner, excepting its colour, it agrees exactly 
with scries II . ; its colour «being a member of the series 
b, c, • • • ^ 

We are led by experience to assume such relations as 
those mentioned above. Suppose, for instance, A, B, C, ... 
P, Q, B, ... in the above signiiication of the letters, to be 
varieties of octahedral Fluor-haloide. Let the members 
of the series of forms in I. be * the dodecahedron (D), the 
octahedron (O), a digrammic tetragonal-icositetrahedron 
(I), a *tetraconta-octahcdron (T) ... and the colour grass- 
^een-{gg) ; the series of individuals will be 

A-RK'O? B.gg.D; C.gg.I; D.gg.T... 

In the series II. the series of colours may be apple- 
green (ag), mountain-green (mg), verdigris-green (vg), sky- 
b}ue (lb)... and their form the hexahedron (H) ; the series 
of individuals therefore 

• • . P. ag. H ; Q. mg. H ; B. vg. H ; S. sb. H • . . 

The above mentioned farms and colours have not only 


• W^ may choose whatever forms of the series of crys- 
tallisation, and whatever varieties of the scries l&f colours 
of octahc(i||^ riuor-haloidc ; wc shall always derive the 
same results. 
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been really observed in octahedral Fluor-haloide, and ac- 
knowledged as members of their respective series ; but we 
know also, from §. 218., that without in the least affecting 
the relation to«the idea of identity, they may arbitrarily be 
exchanged with each other, and that we were even entitled to 
produce or suppose the members of the two series I. and II. 
if we had not had anyjoccasion of observing them in natui^. 
The individual, whose remaining quality is expressed hi- N, 
becomes thus =: N. gg. II ; and this likewise is either an 
object of our immediate observation, or it may beq;)rodu- 
ced by connecting single observations.* Thus experience 
confirms to its full extent, that several series of individuals 
may be connected with each other in the manner described. 

An individual N. y. (X + n), can therefore be at the 
same time a member of two different series, only under the 
following conditions. Those of its properties which have not 
been mentioned by name, and which are here expressed by 
N, must agree with the properties analogous to them in the 
two series ; and those which have been named (in the pre- 
ceding case, forms, and colours), must be members of the 
respective series, produced by the j)roperties in the two 
series of individuals. Under these circumstances, N. y. 
(X + n) may be brought under the notion of identity 
(§. 218.) with the members of the first, but at4he same 
time also with the members of the second seribs. From 
this we draw the inference, that all the meinhers of one of 
these serws may he brought under the idea of idenii^^ with all 
the members of the other* 

If we continue this process, and extend it upon all those 
properties which form scries by their gradations, we m^ iif. 
elude the assemblage of all those individuals, which, notwith- 
standing their differences, may yet be brought under the idea 
of identity. At the same thue those individuals which do 
not allow the process to be applied to them, are excluded 


* It is evident, that if it be found n<^ce^axy thus to ob- 
tain a determined object, the individuals dP^ery well de- 
termined natural-historical sperpes may serve as examples. 
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with perfect distinctness and accuracy. An assemblage of , 
individuals formed in this way does not contain any thing 
foreign, nor does it want any thiiy^ capable of being united 
with it on account of its natural-historical properties. 


§. 220 . S]^KC1ES. 

An assemblage of individuals, brought under the 
idea of identity by the process of §. 219., is term- 
ed a* Species ; and the individuals belonging to it 
are homogeneous individuals. 

This is the pure naturai-nisiorical and invariable idea 
of the species in the Mineral Kingdom. The series of 
characters do. not every one of them allow of a mathemati- 
cal treatment. This, however, has no influence upon their 
application for producing tixe idea of the natural-historical 
species ; and tlothing is lost of the peculiar evidence of this 
' idea, which immediately flows from the mode of its forma- 
tion (§. 218. 218.). Under these circumstances, the idea of 
the species is capable of becoming a certain foundation to 
the whole scientilic IMincralogy 5 it must likewise be the 
fixed point, from which every inquiry has to start, whose 
object^ it is to procure some knowledge of the productions 
rf the Mineral Kingdom, of whatever kind this knowledge 
may be, if we wish to preserve a certain unity in the 
acquiiV'ment of our information. 

We must not pass over unnoticed any of the series, in 
shorUnonc of the natural-historical proixerties, in pro- 
ducing the idea of the natural-historical species ; be- 
cause this would render the idea itself incomplete; the 
variety of nature could not be explained sulliciently and 
to its full extent,- nor could it be demonstrated, by a ge- 
neral developement, that tec arc really entitled to consider 
certain hodics under the required circuvisianccs^ as helmging to 
one arfd the same species^ although they differ in their naturaU 
historical jjn^ertlcs ; and this nevertheless is the very pro- 
position which was to l^e proved by the preceding consi- 
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derations. It would be contrary to the principles of Na- 
tural History, to determine the idea of the species ac- 
cording to single properties, of whatever kind these may 
be. An idea thus determined is not scientific, and cannot 
be but incomplete. It will never be found sullicient in its 
application, and thus opei^ the way to the introduction of 
Other considerations, Ipreign to Natural History, in pro- 
ducing the idea of the species. This has been the source 
of the contamination which the science has suffered through 
the introduction of heterogeneous principles, the disagree- 
able consequences of which have long ago been sufficiently 
conspicuous. Moreover, the determination, according to 
single characters, will unavoidably introduce a distinetion 
among essential and accidental properties, which cannot be 
allowed to take place, either in developing* the idea of 
the species, or in considering the identity of individuals 
(§. 215 .). 

The species itself is the proper object dof classification, or 
the thing which is to be classified. The idea of the spe- 
cies, therefore, cannot be produced by the classification, 
as some naturalists seem to believe, who begin and termi- 
nate their classification, without previously having pro- 
duced the idea of the species. This idea is constant every- 
where, in all sciences, concerning the productions of the 
Mineral Kingdom ; and it must be the foundatidii of every 
system, whatever may be the principles followed in its 
construction. The correct determination of t^^c natural- 
historical species thus appears to be of the greatest mo- 
ment in the Mineral Kingdom. 

§. TRANSITIONS. 

The progress of the gradations in the properties' 
of homogeneous individuals is termed a Transition 
or Passage ; and we say of individuals, in which 
such a progress may be demonstrated, that they pass 
into each otJu-r, 
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The transitions arise from the series of characters. Simple 
transitions take place only in one character, compound transi- 
tions in more than one character ^t the same time. The 
simple transitions are very evident, but comparatively rai?. 
The compound ones are more common, but they must be fol- 
lowed up in every simple transition of which they consist, 
if we wish to draw consequences jipon which we may rely. 
This is effected by supposing the differences in all the pro- 
perties to disappear, except in the single one, in which the 
tra\isition is to be considered. If these (Jifihrences consti- 
tute members of one and the same series, there exists a 
transition in this property ; if they cannot be joined in oiie 
and the same series, we are nof entitled to assume a transition. 
After having thus followed up and demonstrated the simple 
transitiolis in every one 6f those properties which present 
differences iii a number of individuals, we may consider 
the compound transition, 'with the greatest security, as 
really existing, and the individuals themselves as passing 
into each other. 

§. 2Z2. HOMOGENEITY FSOM THE TBANSITIONS. 

Individuals, connected by transitions, are homo- 
geneous, or belong to one and the same species. 

A transition in a single character, for instance in the 
forms of crystallisation, arises, if these forms of the indi- 
viduals are members of the same series of crystallisation^ 
all the remaining properties being equaL Under these cir- 
cumstances the individuals are homogeneous. 

The colours form a transition, if, in several individuals, 
exactly agreeing in the rest of their characters, they repre- 
sent members of the same series of colours. But in this 
case again the individuals ore homogeneous. 

Hence the individuals also are homogeneous, if they arc 
joined, by compound transitions. 

It is not. necessary that the members of the series of 
crystallisation representing the transition, be such as im- 
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mediately follow each other, or produce among themselves 
a coherent fragment of the series. Thus, not only R, 
11 4 - 1 , R + 2 ... but also 11 ... R + n ... (P + n)”* ... 
R + CO will answer the idea of what is meant by a transi- 
tion. It is the same with the transitions in any other se- 
ries, for instance, in the shades of colour, &c. ; though in 
these it must be appHed with the necessary degree of cir- 
cumspection. In the forms of crystallisation, this like- 
wise becomes necessary in respect to limiting forms, since 
these are common to some of the series, in some cases even 
to all the series of the same system of crystallisation. 

Transitions exist only within the species, as it evidently 
follows from the preceding considerations ; hence ihisre can 
be no transition from one species into another. 

Many examples of this kind of transitions nmy be found, 
not in nature, but in several mineralogical books. Of 
these it may be maintained, that wherever the transition is 
correct, the determination of the species is erroneous, aneV 
vice versa, that the transition is falsely stated, if the de- 
termination of the species be correct. 

From the continuity of the transitions, or of the series 
of characters from which they depend, we may infer, that 
there is a remarkable connexion within the natural-histori- 
cal species, by which all the differences occurring in its in. 
dividuals may be joined into a whole. Thuy we become 
capable of comprehending the variety of inorganic ftaturc. 
For the very same reason also, it is contrary to the real 
interest of Mineralogy to divide or subdivide the species, 
and to distinguish sub-species and kinds. The purpose'of 
such divisions is to facilitate the general survey of tlie 
species ; but this indeed would rather be assisted by establish- 
ing the connexion between its individuals, if this should 
happen to be still wanting, than by such divisions, whi^h 
render it less evident. 

With those divisions into sub-species and kinds, which 
have hitherto been in use, it has very often Ijeen the case, 
that an individual was really found to belong to the species, 
and yet to none of its sub-species. This Ims been the con» 
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sequence of the divisions not having been effected in a 
single series of characters, but in several series at once. 

Let the forms of several indivic^uals in a species be re- 
presented by H, 11 + 1 ... ; their colouni by a, a' ... ; th?. 
rest of those characters which produce series by p, p' ... ; 
the individuals themselves wi^l be represented by the fol- 
lowing aggregates : 

R, R + lf R + S} R-i-3*t. 

a a' a" a'" ... 

^ p^^ p^^^ ... 

If we divide here only in the series of the forms, so as 
to ascribe the members II and R + 1 to the first division 
oxk sub-species, R + 2 and 11 4- 3 to the second, the in- 
dividuals uniting the rest of the diameters will fall either 
in the fii^st or in the second of these divisions. Rut 
if the division at the same time extends to the co^ 
lours, and determines, thatdiesides the mentioned forms, 
the first sub-sppeies should be of the colours a and a^; 
the second, besides its peculiar forms, of the colours a" 
and a"' ; all the compositions like (11 4-1). a'", (11 4- 2). a' 
wdll not belong to any one of those divisions, although 
they occur as generally in the species as any one of 
those contained in the two sub-species. IVfany divisions 
are fc-und in mineralogical works, of the description 
above iiicntioned. These divisions within the species, 
in* whatever character they may be effected, must always 
remain entirely arbitrary, and on this account they never 
will be unanimously received. It is much more useful to 
suppress them altogether, which is the plan adopted in the 
coprse*of this work.* 


• The application of Mineralogy to the objects of every 
day’s occurrence, may require to give particular attention 
to certain varieties, which have been cnijdoyed in the art:?, 
and provided with particular names, llns will be j)r{)pcr- 
ly attended to in the second v'olume of this work ; but n<»t 
being of any scientific value, it is foreign to our prccciit 
consideration. 
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§. 223 . PRINCIPLE OF CLASSIFICAtlON. 

The principle of classification in Natural History 
liP the NaturaUHistorical Resemblance. 

Several bodies are simUar, or resemble each other, which 
approximate more orjiess in their properties ; and this re- 
semblance is the greater, the higher we find the degree of 
approximation. 

In Geometry, similarity consists in the equalit^^of the 
relations among homogeneous quantities, and allows of 
no variation. The idea of similarity in Natural History 
is not so simple ; it cannot* be expressed by a single ratio, 
because here a great many properties must be taken into 
consideration. It receives 4i certain latitinje, in which 
there may occur some variation. This, however, has no 
prejudicial influence, either upon its evidence, or upon 
its applicability. On the contrary, if^ wc a})ply this idea 
of similarity to nature, we find that onlij owing to the greater 
extent ascribed to it in a natural-historical consideration, 
it is capable of beAng the principle of classification in Natural 
History. 

It is not diflicult to decide the question, whether or not 
the natural-historical resemblance should be fix^ upon as 
the principle of classification in Natural History. In every 
science the classification must rest upon such relationsftis are 
objects of the science, and therefore it must represent nature 
according to the image expressed by these relaRons. Natu- 
ral History refers to none Imt the natural-historical propet- 
tics ; hence the approximation of heterogeneous bodies .in 
these properties, or the natural-historical resemblance, is the 
only relation expressed among or by means of the produc- 
tions of nature. Eor this reason Natural History forced^ 
not only to apply this resemblance as its principle of classifi- 
cation, but also carefully to explain and illustrate it, in order 
to render the classification a true and suilicient representa- 
tion of nature. In this respect a classification may be called 
natural. Hie organic kingdoms of nature Uivc always bad 
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the advantage of similar classifications, and those depart- , 
ments of Natural History which refer to them, have long 
ago made a scientific progress. Ip the Mineral Kingdom, 
unfortunately, a different way has been proceeded upon^; 
and as a science, the Natural History of the Mineral King- 
dom has not been promoted. ^ 

In the Natural History of thp Mineral Kingdom, the 
classifiable objects are not the individuals of this kingdom ; 
but according to the preceding inquiries, the natural-histo- 
ricad species (§. 220.). The natural-historical resemblance 
has therefore nothing to do with individuals. These, in- 
deed, notwithstanding their homogeneity, bear in many 
instances so little resemblailce to each other, that accord- 
ing to the principle of similarity, they rather should be 
divided than joined. It becomes necessary indeed to demon- 
strate their connexion by means of the transitions, that 
is to say, by considering their series of characters, in order 
to convince ou;rselve8 of their homogeneity. Hence the 
two ideas of Resemhhnce and of HomogeneHy are essentially 
ditferent, and the former is not a higher degree, or a nearer 
restriction of the latter. We must carefully avoid con- 
founding them with each other. In another science, refer- 
ring to the Mineral Kingdom, another principle of classi- 
fication may replace the natural-historical resemblance ; 
but there is not another idea which can be substituted for 
tliat of homogeneity. 

§. 224 . DEGREES OF NATDRAt-HISTORICAI, RESEM- 
BLANCE. 

The degrees of natural-historical resemblance 
;n different species, are not everywhere the same. 

If we consider the species as unities to be classified, and 
compare them with each other in respect to their natural- 
historical properties ; we perceive that some of them are 
more, some of them less allied to each other in resemblance. 
Thus hexjfhedral Iron-pyrites is more similar to prismatic 
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Iron-pyrites, than to rhombohedral Lime-habide. The 
latter species again is more similar to the rest of the Lime- 
haloides, than to ppsmatic Feld-spar, or to rhombohedral 
Corundum, &e. 

This relation of similarity is not unavoidably necessary. 
One of the species, for iijstance, might present the same de- 
gree of resemblance^to every one of the others, and vice 
versa ; so that among these species there could not be per- 
ceived even the consecutive order of series. As there really 
exist several species, among which this is the case, the same 
might occur among all. This would not limit the variety 
of nature, although that variety would then appear under 
a different form. 

On the other hand, ihe relation of similarity might be 
found different in every particular case; so that if we 
would suppose a certain species to bear a certain degree of 
resemblance to another, a*second one could not be found, 
among which and the first, the sanve degree of resem-* 
blance would prevail. The consequence of this would be 
the impossibility of producing any other arrangement among 
the species than that of a series, in which they would fol- 
low each other according to their different degrees of re- 
semblance. 

A single glance at the species of the Mineral Kingdom, 
and at the above examples, will suffice to shefW, that nei- 
ther of these two suppositions takes place in nature. 'There 
exist different degrees of resemblance, by w{|ich a series 
may be produced, but not a series of the single species. 

The different degrees of resemblanceUay the foundatfon 
for the higher ideas of the Theory of the Sj^steip; ttiat 
is to say, for the ideas of classification. 

§. 225. GEKUS. 

An assemblage of species, connected by the high- 
est degree of natural-historical resemblance, is 
termed a Genus. 
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The genus is the resemblance of different species of bo- 
dies. In Botany, this idea is commonly limited to the 
similar formation of the organs of fructification. In Mi- 
neralogy, such a restriction is impossiblcf because the prc^' 
ductions of the Mineral Kingdom do not present any parts, 
different in the same manner from the rest, as is the case 
ill plants. But oven supposing their existence. Minera- 
logy Avill not admit of any such restriction, on account of 
the necessity to preserve the idea of the species in its 
original generality, which admits of no exceptions, devia- 
tions, or ambiguities, necessarily connected with a restric- 
tion to single characters. For the rest, the idea of the 
species in Mineralogy is identical with that in Botany ; 
and there is nothing more required, but to shew that it is 
equally applicable. Thus we shall find ourselves enabled to 
employ it with the same security in the Mineral Kingdom, 
as in the Vegetable one. 

The species qf hexahedral Iron-pyrites agrees so very 
closely with that of prismatic Iron-pyrites in every charac- 
ter, except the forms, that but for this difference in their 
systems of crystallisation, they would join into one and the 
same species. They possess that degree of resemblance 
which requires their union into the same genus ; a de- 
gre#'b^ similarity expressed in the present instance by the 
perfect agreement of all the natural-historical properties, 
exbcpt the crystalline forms. The same degree of resem- 
blance prevails among the two species of Emerald ; but 
here, beside the difference in the systems of crystallisation, 
there is also a difference in the specific gravity. In other 
genera* as, for instance, in those of Garnet, of Kouphone- 
spar, and others, we observe difFercnces in many characters 
at once ; and yet the resemblance is here as great as in the 
above mentioned examples of Iron-pyrites and Emerald ; 
a resemblance which becomes evident upon ocular in- 
spection, the only method of ascertaining its existence. 
The examples quoted prove, that there may exist differ- 
ences sometimes only in a few, sometimes in many charac- 
ters at a time, without having any influence upon the </t’- 
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gree of resemblance itself. On this account it becomes im. 
possible to express this resemblance by the agreement in 
one or a certain number of characters. This does not, 
however, prevent the application of the idea of the ge- 
nus to the natural productions altogether ; for this appli- 
cation does not pre-siyipose the idea to be limited to 
single characters; Ijiit it allows, and even requires, to 
preserve it in its full generality. The genera being thus 
.founded upon the resemblance of the species, as is already 
demonstrated in Zoology and Botany,, render all «the ser- 
vices which Natural History possibly may expect ; and the 
same will be likewise confirmed by their introduction in fu- 
ture in Mineralogy. 

The natural-historical idea of the genus is peculiar to 
Natural History, and is solely intended for tdie purpose of 
promoting ihat science. Hence the natural-historical ge- 
nera must not be comparctl with ideas of this kind other- 
wise determined ; not even with thosp of the same deno* 
minatiori, which have been hitherto applied in Minera- 
logy. Bor, the establishment of these genera is founded in 
part upon determinative reasons, foreign to Natural His- 
tory ; so that the inferences drawui from them must be in- 
consistent w ith tlio principles of that science, even though 
it w^ere demonstrated that in every case theyedirespond 
to the natural-historical resemblance. Other sciences must 
coii.sidcr the natural-historical genus in the same point of 
view. Tn a chemical Ksystem of minerals, genus must 
have a' chemical foundation. It is not necessary that it 
should agree with the genus in Natural History; thougli 
the species, determined according to chemical ideas^in the 
one, and according to natural-historical ideas in the other 
science, must be identical in both (§. 220.). The method 
of connecting several points of view into a single one, docs 
not promote the sciences, and gives full scope to all sorts 
of hypotheses. Difierent sciences, wdiich refer to the same 
subject, must follow without deviation the epurse deter- 
mined by their peculiar principles, or they will cease to be 
different sciences. Their wray will finally Converge in one 
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great aim, which is the discovery of truth, perhaps hidden 
lor ever, if we endeavour to arrive at it according to any 
other method. 

§. 226 . MINERAL KINGDOM. 

The Mineral Kingdom is represented by a Se- 
Ties (^Natural Historical Genera. 

Ihe object of mineralogy in producing its higher degrees 
of classification, is first, to acquire a clear idea of the Mineral 
Kingdom, which consists in a general survey of all its pro- 
ductions; and secondly, to«become capable of collecting 
every one of these productions with facility and security, 
under tliq above mentioned ideas. 

If we examine the systems of Natural History, we find 
that for the most part they are founded upon the idea of 
a series. Yet it is difiicult to decide, whether in the mi- 
neral systems this is a series of genera or of species : for 
in these systems both genus and species are founded upon 
reasons so uncertain, that it becomes utterly impossible to 
derive any clear idea from the existence of their determi- 
nations. A series of species is in direct opposition with that 
of a sesrics of genera, in fact to the idea of the genus itself, in 
as muck as it supposes that there exist no equal degrees of 
r^emblance among different species. In order to convince 
ourselves in this respect, the best contrivance will be, to 
produce a series of species in nature, in which those placed 
nearest must resemble each other most, and where we may 
be^pn at any chosen member. Evidently for this process a 
single variety cannot represent the species, but we must 
employ the whole species as completely known as pos- 
sible. In endeavouring to produce a series of this kind, 
very soon we shall meet with species which render it 
doubtful whether the one or the other, or even a third, 
a fourth, &c. should follow the preceding species; and 
at last w'e must cither entirely abandon the experiment 
or we must suppose that two, three, or more spe^ 
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cics occupy the same ])lace in the series. The Groupes 
of species thus formed are the natural-historical genera 
(§. 225.). In the real existence of genera in the Mineral 
Kingdom, we discover the reason why there is no series of 
single species. A more evident demonstration of the pre- 
ceding observations may be acquired by considering a few 
examples, for instance, tCie genera Schiller-spar, Disthene- 
spar, Triphane-spar, Dystome-spar, Kouphone-spar^ Peta- 
line-spar, Feld-spar, Augite-spar, &c., or the genera of the 
order Baryte, or of any other somewhat more comprehen- 
sive order of the natural-historical system of Mineralogy. 
The series thus representing the Mineral Kingdom is a se- 
ries of genera, exactly as* in the Animal and Vegetable 
Kingdoms ; and like these it does not contain a series of 
single species. 

The Mineral Kingdom is constituted by a series of natu- 
ral-historical genera, each iji which contains similar species 
(if it contain more than one); every ope of these, again, 
being the assemblage of homogeneous individuals. Thus 
the idea of the Mineral Kingdom receives its fullest evi- 
dence, and requires in this respect no other notions inter- 
mediate between that of the genus and that of the Mineral 
Kingdom. 

The idea of a series requires a beginning and a termi- 
nal point. There can be no objection to the received or- 
der of the three kingdoms, in which the Animal King- 
dom is followed by the Vegetable one, and thjs again by 
the Mineral Kingdom ; and it deserves, in fact, that gene- 
ral reception which it has always found. Those produc- 
tions of the Mineral Kingdom, which resemble most ^ some 
of the Vegetable Kingdom, immediately will follow these, 
and form one of the terminal points in the scries of genera 
which constitutes the Mineral Kingdom. Thus, always 
according to the principle of similarity, we obtain the whole 
series of genera, as it is contained in the natural-historical 
system of the present work. 

It will be useful to add here a few remarks on me recep- 
tion of what has been called the AtmospheriUa ftito the Mine- 
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ral Kingdom. This evidently depends upon the very idea or 
deiiiiition ui’ a mineral. If we examine this idea as contain- 
ed in most of the mineralogical works, we find several cha- 
racters, which are not natural-historicyl ones, and whifh 
Uiere&re by no means can be an object of any natural-histo- 
ricalinquiry. li* we omit all these as being foreign to the 
science, the only character still rcftiaining is that of an /wor- 
gdfitc Natural Production ; so that the mineral kiilgdom con- 
tains the inorganic natural productions altogether^ and 
among these consequently also the atmospherilia. 

Hence we cannot exclude Water, the different kinds 
of Gas, of Acid, and of other productions of inorganic na- 
Uire, from the mineral system, because upon this sup- 
position it would be impossible to define the idea of a mi- 
neral, in« conformity with «thc requisites of Natural History, 
and containing therefore solely NatnraUHislorlcal Characters, 
Moreover, it is impossible to say upon what ,^ould be 
founded the difference between the Mineral Kingdom and 
that of the Atmospherilia ; nor would the idea of Natu- 
ral History itself allow to follow the example of most of 
the naturalists, to pass with silence over the latter. 

With the assistance of all the ideas dev^eloped till now, 
it'tannot be dillicult to decide, whether or not a natural 
production belongs to the Mineral Kingdom. It will be 
attended Avitli as little dilficulty to determine the species of 
a**m5neral, if >vc knovv its genus. It is more dillicult, from 
the idqa of the Mineral Kingdom to reach that of the 
genus, that is to say, to determine the Genus of a Mineral ; 
and therefore some preparations are w^anted, consisting in 
several intermediate ideas, by which it becomes more 
easy to descend, as it werei ^^^im the highest to the low- 
est of these ideas. On account of their employment, 
they have been called the Degrees of Classi/icatkni, These 
intermediate ideas must be founded upon the general 
principle of classification in Natural History, exactly like 
the ii\ea of the genus itself Their purpose is not to 
illustrate, but only to render more easy the application of 
tlie general ideas of the genus and of the species in the 
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Mineral Kingdom. These are the ideas of the Order 
and of the Class. 

§. 227 . ORDER. 

The Order is an ass^blagc of similar genera. 

The order is in respect to the genera, what the genus is 
in respect to the species. The idea of the order is there- 
fore perfectly evident from the preceding inquiries ; ^nd the 
only object that requires some consideration in tlie present 
place, is to shew its application to the Mineral Kingdom. 

The genus Iron-pyrites, an the peculi^ir place it occupies 
in the general series of genera, is surrounded by several 
other genera, which exhibit sy high a degree of.resemblance 
to each other, that they seem to have been formed after a 
common type or original. .These are, the genera Nickel- 
pyrites, Cobalt-pyrites, Arsenical-pyrites, and Copper-py- 
rites. There is not another genus to be found in the whole 
Mineral Kingdom, as hitherto known, which could be 
enumerated along with them, without destroying the 
idea produced by the assemblage of the above-mentioned 
genera. In a similar manner the genus Iron-ore ifi con- 
nected on one side with the genus INIanganese-orc;, on the 
other side with the genera Chrome-ore, Cerium-ore, Urani- 
um-ore, Tantalum-ore, Co])per-ore, Scheelium-ore, TiiP.ore, 
.JiJinc-ore, and Titanium-ore. Thus likewise round the ge- 
nus I'eld-spar are assembled the other genera of Sj)ars un- 
der similar circumstances. Every groupc of this kind 
which is an assemblage of genera similar to each*othor, is 
an order. - 

These orders arc as distinct from one another, and as re- 
markable as the genera in the Mineral Kingdom, but they* 
require also, like these?, to be observed in nature. They re- 
present in the Mineral Kingdom the natural families of the 
Vegetable Kingdom ; and their reception and determina- 
tion in the one and the other, depends upon tlie same prin- 
ciple. 

The orders, like the genera, .must not be compared with 

VOL. i. 
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what formerly has been designated by this name in Mine- 
ralogy. The chemical principles of classification, received 
in these systems, more particularly exercise their influence 
in their higher divisions. In general) Mineralogy mixst 
not be compared with any science except Zoology and Bo- 
tany$ and it has nothing to f^ar, if it is found to admit of 
this comparison. For this will Remonstrate that it has ajj- 
jjillcd the general principles of Natural History in conformity 
•aiiih itself to its object^ ‘whkh is its peculiar^ hut at the same 
ti^e also its only husincss, 

§. CLASS. 

The Class is an assemblage of similar orders. 

What the genus is to the species, or the order to the 
genera, the class is in respect to the orders. Geherum ge- 
nus est OrdOy ordinum aiitcm genus Classis esU Blkli. Phil. 
Bot. 204. Tlie idea of the class is so comprehensive, that 
it becomes difficult to judge of its applicability, without 
the direct inspection of the objects themselves. This in- 
spection proves, that every one of the three classes of 
the natural-historical system in Mineralogy does contain 
ordeijfs which are connected by a greater degree of simi- 
larity, with each other, than with those of other classes. 

The idea of the class likewise depends solely upon natu- 
ral-historical considerations, and docs not admit of any fo- 
reign principle. It is analogous to the classes in the orga- 
nic kingdoms, in as far as these are not artificial, or pro- 
duced by a mere division. These ideas, however, do not 
^ow of any comparison with the classes hitherto used in 
Mineralogy; which, not being framed according to the 
principles of Natural History, are partly founded upon 
hypotheses, and partly on principles which the present 
state of Chemistry no longer admits. 

The systematical ideas of the species, of the genus, the 
order) and the class, are all that is necessary for producing 
what hasbbeen called a System of Nature ; and it appears 
that they possess the s^me requisites in all the three king- 
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cloms of nature. To form the classes into Kingdoms, and 
to comprehend these within the still higher idea of Nature, 
is a problem belonging to Natural History in general, from 
which the Natural History of every particular kingdom 
must borrow these higher ideas. 

In order to give a general view of the subject, it will be 
useful shortly to reppat the whole procesis of developing 
these ideas, and the systematical unities theniselves. 

All material bodies are distinguished, according to their 
most general differences, into organic and inorganil natu- 
ral productions (§. 70* 

Organic nature comprehends two kingdoms, the Animal 
and the Vegetable (§. d.) :* inorganic rtkture comprehends 
only one, the Mineral Kingdom (§. 9.). 

The Mineral Kingdom is* a series of natifral-historical 
genera, the succession of which is determined according to 
their greater or less agrceiftent or similarity (§. 229.). It 
contains three classes. 

Every class comprehends part of the series of genera col- 
lected into several orders. The classes are not of the same 
extent ; and the orders which they contain are joined by 
an equal degree of similarity (§. 228.). 

Every order is an assemblage of several genera in their 
regular succession ; hence it is likewise a portion of the 
general series of genera. The genera comprfsed within 
an order, present equal degrees of similarity (§. 22?.). 

Every genus is an assemblage of similar species ; it is a 
unity in the series of genera. The species within the ge^ 
nera are connected by equal degrees of similarity (§. 225.). 

Every species is an assemblage of homogeneous tindi- 
viduals ; the individuals of a species are connected by the 
series of characters, that is to say, by real natural-historical 
transitions (§. 221. 222.). 

The individual is the simple mineral, produced by na- 
ture, either singly (§. 160.), or in various compositions 
(§• 176.. .189.). It is the only systematic idea which imme^ 
diately refers to nature, or to which an object of observation 
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corresponds. In resjicct to the whole of the species, the in- 
lUviilual is called a variety. 

It must here be observed, that, none of these ideas have 
been obtained, or deduced from the others by means »of 
a division. For,i in order to arrive at them, we have not 
begun with the highest, but^with the lowest one, which 
is that of the individual, and then we have first deter- 
mined the idea of the species according to the idea of ho- 
mogeneity, those of the genus, the order, &c. according to 
diflerent degrees of natural-historical resemblance ; and 
the whole of them by aggregalion or assemblage. Ue- 
sides the idea of the sjKJcies, a division would have pre- 
supposed also ftiat of the ]\*Iineral Kingdom, and it ivould 
have recpiired a principle, according to which it might 
have been effected witli consistency. In another jdace 
it will api)ear, that these conditions in tact may be ful- 
filled; yet, by such a division, it would not have been 
possible to oRain tlie same classes, orders, and genera, 
which have been obtained by the other process ; and the 
degrees of classification thus obtained, would not have 
been suitable to the purpose of giving a general view of 
inorganic nature, in agreement with the similarity which 
exists among its productions ; and this nevertheless is the 
last *and highest aim of Natural History. Melkodns Na^ 
^11 rails* nltimus Jinis Jiotanlecs csl et crli. Linn, riiil. Bot>2()(h 

§. 229. MINERAL SYSTEM. 

T^hc^Mhieral System is the collection of the na- 
tiir&l-historical ideas, conformably to the degree of 
their generality, and applied to the productions of 
the Mineral Kingdom. 

The mineral system is a representation of the Mineral 
Kingdom by means of general ideas. These ideas must be 
clear,* precise, complete, and correctly subordinate to one 
another, ^so .as to become consistent with each other, and 
applicable to experience. 
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The nature of these ideas evidently depends upon the 
preceding observations. If, therefore, in general, and 
from reasons of Natural History, no objection can be made 
to the ideas of the *species, the genus, the order, or the 
class ; the applicability of the mineral system, arising 
from the connexion of these ideas, * will depend solely 
upon their consistent application to the present state of 
knowledge. 

To apply the ideas of the species, the genus, &c. to 
experience, is to collect the individuals occurring, in na- 
ture, agreeably to their homogeneity, into species ; to join 
these species into genera, according to the highest de- 
gree of natural-historical resemblance which occurs apiong 
them, &c. ; or, in other words, accurately to determine 
the more particular contents of the system. This sup- 
poses an accurate examination and a careful comparison 
of the individuals among each other ; and in that respect 
the only mode in which the mineral system may arrive 
at its j)erfection. Is by a thorough knowledge of the ob- 
jects themselves. This knowledge, however, being an em- 
pirical one, must always remain incomplete, and is really 
so at present in a great measure : a perf* ct mineral sys- 
tem, therefore, is an object, which, though we may ap- 
proach, we never can reach. 

We must proceed with some caution in thus determin- 
ing tlie contents of the mineral system : a few rules hi this 
respect will not be superfluous. The first of these rules 
requires, that wc attach the highest importance to the 
correct determination of the species, because this is tlTc 
foundation of all the other ideas, and therefore of the sys- 
tem itself. According to another of these rules, we must 
endeavour to unite newly discovered individuals, along 
with other species already determined, till we may coif- 
vince ourselves by an accurate examination, that this is no 
longer possible ; because it is a general rule in Natural 
History not to multiidy the number of the species, without 
an evident necessity. In fact, one of the greatest errors 
of many mineral systems consists in their containing too 
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many species, which on tliat account cannot he well de- 
termined, and which, besides other bad consequences, only 
serve to render the nomenclature difficult and inapplicable. 
A third rule recommends us not to entcr«inewly determinf^ 
ed species into the system with too much precipitation, but 
to. follow the example of other cautious naturalists, and to 
expect some more extended know][edge from future obser- 
vations, in order not to hazard precipitous determinations. 
Indeed it seeins better that something, though it were 
known for some time, should be wanting in the system ; 
than to allow an ill determined species to injure the con- 
nexion of the whole. For the rest, mere hypotheses or the 
remits of other sciences, shouid never be relied on in these 
determinations, because it is below the dignity of a science, 
which admits of the applicution of mathematics, to build 
its frame upon hypotheses. Natural History too posses- 
ses so many means of assistance peculiar to itself, that if 
well applied (w,hich has not always been the case in 
Mineralogy) it may rest solely upon its own determi- 
nations. 

A system thus produced is what has been termed the 
Natural System^ because it expresses the different degrees 
of natural-historical resemblance with which nature itself 
has staenped its productions. This, however, is the only 
part nature takes in a natural system, and it is therefore 
nol the System of Nature. This idea is merely an imagi- 
nary one^, and no object corresponds to it. Nature pro- 
duces only diflerent bodies, but no abstract ideas ; and the 
system of nature, mentioned by several natural philoso- 
• ph^rs, hre only words without ideas, or ideas without ob- 
ject. Opposed to the natural system, there are also ArtU 
Jkiall^^Systems. The natural system produces its general 
ideas by the process of aggregation, while in the artificial 
ones, the assemblages depend upon general ideas, in as 
much as they are obtained by the process of division. 

The expressions of natural and artificial systems, though 
generally received, do not convey the exact idea of what 
they have tfo express. They have on that account been the 
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source of many differences of opinion, according to the cor- 
rect or erroneous ideas attached to them by naturalists. 
For more than one reason, it would therefore be advisable 
to substitute ii^ their*stead, the expressive denominations 
of synthetical and analytical systems. 

Doubts have been raised against th& possibility of arti- 
ficial systems in Mineralogy. The experiments indeed 
which had formerly ^een instituted, seemed only to de- 
monstrate that these doubts were well founded. The sys- 
tems of a mixed or double principle do not even be^ng to 
these, for they are neither analytical nor synthetical, be- 
cause they do not possess the unity of principle required 
in every system. 

The production of any system requires the previous de- 
termination of the species. *The species therefore must 
have already been established, if we intend to build also an 
artificial or analytic system* Upon this supposition, any 
analytic system in the Mineral Kingdom has to resolve one 
single problem of importance, which is to effect the first 
division, without impairing the unity, or destroying the con- 
nexion within the species. There is no great difficulty in 
this respect in effecting the subsequent lower divisions. 

If therefore we fix upon the systems of crystallisation 
as a principle of the first division ; we obtain th^ base of 
an analytic system of Mineralogy, in which the species 
remains entire, and in which the farther subdivisions may 
be effected without difliculty. 

The natural-historical similarity is entirely *lost in ana- 
lytic systems. Although systems of this kind, if well 
managed, greatly facilitate the determination of»individii- 
als occurring in nature, yet they possess so very liftle of 
the other requisites of a system, that they do not at pre- 
sent deserve to be considered in greater detail. Analytic 
systems may be compared to registers, in which the objects 
follow each other according to certain single properties, like 
words in a dictionary, without regard to signification; 
whereas in the synthetic system, the succession of objects is 
determined by their natural-historical resemblance, no at- 
tention being given to single |vroperties. 



344 TIIKOHY OV THE SYSTEM. §. 229 - 

I shall not at present venture to examine, whether a na- 
tural-historical system, partly analytical and partly synthe- 
tical, like the IJnnean systcj^j in Botany, might not unite 
the advantages of both, whilst it •avoids their inconveni- 
ences. A system of this kind would be less objectionable 
indeed, and moi*e* useful than those founded at the same 
time upon two different princifdes ; but it could not unite 
those properties which the synthelical system presents,, if 
it only approaches perfection to a certain degree. 

TJhe double ])urpose for which the systematic ideas 
(§. 22C.) have been produced, likewise will ret^uirc our at- 
tention in constructing a mineral system. The first de- 
mands a general view of the variety of nature, collected 
within different unities ; the other requires a method of 
recognising individuals occiirring in nature, or of assigning 
to them their peculiar place in the system, and of provid- 
ing them with the names ^nd denominations connected 
with these places. 

It seems, that attention has been paid only to the 
first of these purposes in several of the systems hitherto 
constructed. The natural-historical system of the present 
work perfectly answers this requisite. It represents na- 
ture according to the different degrees of resemblance 
w'hicli^ notwithstanding all their variety, exist among its 
productions. Several mineral systems do not represent the 
relations 4mong the bodies or natural productions them- 
selves ; but among the results of their chemical analyses, 
which are not objects of Natural History. 

A mineral system may be found to suffice as to the first 
•equisitc, without answering the second ; it may facilitate 
die general survey of the productions of the Mineral King- 
dom, without assisting in the determination of individuals. 
On the contrary, it may answer to the second, without ful- 
filling the first ; it may assist in the deteitnination, with- 
out producing a general view ; and this is the case in ana- 
lytic systems. 

If we‘ examine the systems hitherto piddished in respect 
to the secopd point, we find ourselves completely dissatis- 
fied. An unknown plant may be determined by the help 
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of the I^innean system ; but there exists no system, 
by the assistance of which we might determine an un- 
known mineral. In order to find the class, we must ana- 
lyse the minc|;p.l ; and by this analysis, the mineral is de- 
stroyed : nothing remains to determine the order, the ge- 
nus, and the species. The difficulty is not removed by as- 
serting that only a small* portion of the whole is to be taken 
for the examination ; because here, our olRCct is not to de- 
termine a mineral in a particular case, but to fix the gene- 
ral and scientific method of determination. Thufj, in the 
systems noticed, we must immediately proceed to the 
Kjjecies, for there is no methodical way to arrive at it 
through the intermediate degrees of the class, the prder, 
and the genus. In short, we must content ourselves with 
acquiring an empirical knovuledge of minerajs, how small 
soever the scientific value of this knowledge may bo, be- 
cause indeed it is better to»know the natural productions in 
this way, than not to know them at all. It is evident tliat» 
a description can be of no use for this purpose ; and thus it 
appears, that systems of the kind mentioned above do not 
possess eitlier of the two necessary requisites. I Tow far 
the determination of occurring individuals is facilitated by 
the natural-historical system, will be examined in another 
part of the present Treatise. 
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M)MENCLATURE. 

§. 230. DEFINinON. 

^Systematic Nomenclature is iJte assemblage 
of those denominations which Natural History ap- 
plies to natural productions, and which refer to a 
natural-historical system. 

There ia only one modern which Natural History may 
provide the productions of nature with denominations ; but 
this mode is in the closest connexion with the whole being 
of the science, ,The whole object of Natural History in 
this respect, is to resolve that single problem : to com- 
prehend the unities of observation within certain ideas, 
which may be formed cither by assemblage, or by division 
(§. 229.)' We may say that we know a natural production, 
if we are capable lo tell to which of these assemblages or 
divisions it belongs; but we may say the same thing, if 
we kuowats denomination. This denomination must there- 
fore intimately connected with the above-mentioned 
ideas ; it ^ must cwjircss the relation, in which that natural 
]iroduction, to which it is applied, stands to others, with 
‘ whom it agrees more or less in respect to their natural-his- 
torical fesemhlance. 

According to the preceding observations, the natural or 
synthetical systems represent this connexion. That only 
mode of nomenclature, therefore, which expresses this con- 
nexion, will deservedly be called the systtoatic nomen- 
clature. 

The systematic nomenclature alone is capable of fulfilling 
those conditions which Natural History requires from no- 
menclature Mn general. For it provides every natural pro- 
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duction with a dcnoniination, and represents, by these de- 
nominations, the natural-historical resemblance by which 
these bodies arc connected in the system. 

In every pa^jt of Natural History, nomenclature is the 
mirror, which reflects an image of the^whold sdence. The 
image hitherto produced by Mineralogy, has not been an 
agreeable one, or calculated to invite the zoologist or bota- 
nist, or any enlightened naturalist, to bestow particular at- 
tention on Mineralogy. A mass of names and denominations, 
formed arbitrarily or accidentally, and subject to perpetual 
change, retard the solid progress of the science, and arc 
a great impediment to the acquisition of knowledge in its 
purity. The want of a weH constructed systematic nomen- 
clature, is therefore an essential defect in the Natural His- 
tory of the Mineral Kingdonf ; and the present attempt to 
remove it, how imiKjrfcct soever it may be, is founded upon 
the very idea of Natural History (§. 18.), which cannot 
exist without it. 

§, 231 . OBJECT OF THE SYSTEMATIC DEKOMINA- 

TION. 

The object to which the systematic denomination 
must refer, is to express the correctly determined 
natural-historical species. 

The natural-historical species is the foundation^ the syste- 
matic nomenclature the verbal expresShn of the system. 
The species, therefore, is the obj’ect to which the systema- 
tic denomination refers. 

Nomenclature requires that the species be previously 
correctly determined, according to the principles of 'Natu- 
ral History. For the necessary connexion among several 
of these unities, which is to be represented by a verbal ex- 
pression, cannot take place upon any other supposition ; 
and the systematic nomenclature is degraded yito a mere 
jumble of words, to which no object corresponds. In this 
state, it cannot any longer be useful to NatfUral History ; 
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but it really becomes an impediment, to remove wbicb, the 
trivial nomenclature (§. 241.), has been resorted to. 

In most of the mineral systems, the species has as yet 
not been correctly determined. In these ^sijstcms^ thercjhrc^^ 
neither a name nor a denmnination appertains to a xecll dctcrmhi* 
cd spevics. 

Such systems contain names and denominations of single 
varieties of a species ; as, for instance, Rock-crystal, 
riint, Chrysoprase, &c. ; Common Quartz, Conchoidal 
Hor,nstone, &c. ; but neither a name nor a denomination 
exists for the whole species of rhombohedral Quartz, to 
which all these varieties belong. 

j[f it be necessary to denominate a newly discovered spe- 
cibs, it is still more necessary to provide a species with a 
new denopiination, which lias been corrected^ because none 
of the old ones* will express it, and because it is impos- 
sible to api)ly all of them at«once. The same mode of rea- 
soning must be ajiplied, if a species has not been cor- 
rectly determined, and contains varieties of several natural- 
historical species. 

In a scientific treatment of Mineralogy, this becomes 
again a new and urging reason for altering the nomencla- 
ture ; and it could not be forgiven, if, under these circum- 
stance;}^ we should not at the same time endeavour to give 
tlie new# nomenclature a systematical arrangement. 

^'he object of nomenclature in general, and moreixarticu- 
larly that of the systematic nomenclature, is to express htj 
xcords^ of to dc nominate those things or bodies (the species), 
of which other sciences, Natural rhilosophy. Chemistry, 
Cleology, &c., afl'ord more detailed and particular informa- 
tion. This is cilected by substituting names and denomi- 
nations, instead of the characters and the general descrip- 
tions of the species. These names and denominations, there- 
fore, must possess such properties as will enable us to find 
tliem out, or to recognise them, whenever the characters 
or natural-historical properties of a natural production are 
given. ' This is clfected by means of the Characteristic, to 
be explain«?d hereafter. If they be meant to cxcitcy or to 
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produce^ an image of the natural-historical quality of the 
objects to which they refer, or to remind us of those which 
are more or loss similar to them, they must indicate the 
place which tlie species occupy in the general assemblage 
of the natural productions belonging Jo the kingdom. 

This is the point of view from which we must consider 
and develoi)e the ar|-angement of the systematic nomen- 
clature in general, and the properties of the systematic de- 
nomhiations in particular. 

§. 232 . PROPERTIES OF THE SYSTEMATIC DENOMI- 
NATION. 

The systematic denomination must be composed 
of several words, the ordet of wliich expresses the 
connexion between tlie^ denominated object and 

several others, to which it is more or less similar. 

» 

In order to recognise a given individual, or to determine 
the place wliich it occupies in the system, it is necessary 
to proceed with it through all the general ideas of this sys- 
tem, from the highest degree to the lowest one. For this 
is the means by which we learn the connexion in which it 
is with others. 

If we have to express this connexion by words, wp must 
construct the denomination in such a manner that it may 
tell the unities of all the above-mentioned idaas, in as far 
as it is necessary (i^. 231.) ; it must therefore consist of se- 
veral words ; and since the ideas, according to^ their con- 
tents, are subordinate to each other (g. 223.), these* words 
must follow each otlier according to the same order. That 
word which expresses the highest idea must precede, and 
that which expresses the lowest idea must follow, in the or- 
der of these expressions. "Jliis distribution of words should 
agree with the general spirit of the hinguage ; and the Lalhi 
language, therefore, would be preferable in tlx? mineral o- 
gical nomenclature, as well as in the zoological, or in the 
botanical one. This language, however, has been so very 
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little employed in Mineralogy, particularly of late yearsj, 
Avhen the science itself has been more particularly cultivat- 
ed and enriched, that it would be^vcry diilicult to produce 
a I^atin systematic nomenclature, without introducing al- 
most endless innovations. This has been the reason why, 
in the present first attempt at constructing a systematic no- 
menclature, the German languagq has been made use of, to 
the spirit of which the English language in this respect 
exactly corresponds. In these two languages, however, 
the* successive order of the words is exactly contrary to 
that required in the Latin language. In the English no- 
menclature, therefore, the highest idea will be expressed 
by the last word, while the lowest idea is indicated in the 
first word. 

That word, with which Vre designate a single object, or a 
single species, without regard to its genus, or a single genus 
independently from its coniDexion with others in one and 
the same ordcr„&c., is termed its Name, If a name be re- 
stricted by means of an adjective, it is transformed into a 
Denomination, A name consisting of a single word, is a 
simple name ; one consisting of two words, is a compound 
name. Simple names can never express the connexion of 
those bodies to which they are given ; this may, however, 
be eflfectcd by compound names, or by denominations. 
Hence the mere simple names are of no use in a systema- 
tic nomenclature ; but it will require compound names or 
denomiivations, or even both of them. The simple name 
designates the highest idea occurring in the nomenclature, 
and inversely, this idea must always be expressed by a 
si^ipl^ name. The compound name designates a lower de- 
gree, the denomination the lowest degree of the ideas ex- 
pressed by the systematic nomenclature. Agreeably to the 
observation in §. 234., it may be considered as a rule of 
the systematic nomenclature in general, that compound 
names, in the event of their being applied, should never 
contain, more than two words, and that a denomination 
should never admit of more than one adjective. 
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§. 233 . OBJECT OF THE NAMES. 

The ideas expressed by the names are the higher 
unities of classification, immediately preceding that 
of the species. 

In order to enable us to add the proper restrictions in 
the denomination of the species, we must apjily the name 
to the genus, or to the order, in general to one of tlie high- 
er unities of classification. The name, therefore, is not 
fixed upon a single natural production, or upon an indivi- 
dual, not even upon a single species ; but it is applied to 
an assemblage of a greater extent, and is allowed to be 
transferred upon the species or upon the individual, only 
in so far as the one and the other of these belong to the 
above-mentioned more extensive assemblage, in virtue of 
their natural-historical properties. This is a peculiar pro-^ 
perty of every systematic nomenclature, and it is a charac- 
ter by which in particular it differs fx*om the trivial nomen- 
clature. In the latter, the species, or in general the low- 
est systematic idea bears the name, without any regard 
to the genus, or to the order in which it is contained. 
The trivial nomenclature therefore bestows its names upon 
the objects themselves, without indicating the connexion 
which exists between them and other bodies, in one and 
the same system. This definition of the trivial nomencla- 
ture explains its farther arrangement, as shewn in §. 241. 

The trivial nomenclature allows of an unlimited arbi- 
trariness in providing the species with names ; wliicfar is 
limited in a systematic nomenclature. This alone would 
suffice to shew the usefulness of its general reception, even 
though it were not recominendable on account of its other 
qualities. A newly discovered mineral which does not be- 
long to any known species, may perhaps belong to a known 
genus, and assume its name ; or it may belong at least to 
a known order, and as such receive the name of that or- 
der. And even if neither of these be the case, the syste- 
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niatic nomenclature contains the rules, after which it may 
be provided with a correct denomination. 

§. 234. NAME OF TII£ ORS)ER. 

In tlie Natural History of the Mineral King- 
dom, the Order is the highest idea expressed* in the 
systematic nomenclature. The order consequently 
will boar the simple name. 

It depends entirely upon the kind of the system and of 
the classified objects themselves, whether the genus or the 
order shoidd be that higher idea above the species, which 
bears the simple name. If the order be produced by the 
analyticafprocess of division, as in the lannean system in 
Botany, or if the system itself, to which the nomenclature 
refers, be an analytical system (§. 229.), and if moreover 
tlie orders contaflii a vast number of genera, and these ge- 
nera again a vast number of species : then it will be more 
advisable to fix the name upon the genus, and to be con- 
tented with the advantages thus arising to the mode of 
denomination. By placing the name upon the order, 'the 
nomenclature would be rendered more difficult, without 
beconnng more useful. For in an analytical or artificial 
sy<«itcm, there exists no similarity among the classified ob- 
jects (§. 229.) ; and a nomenclature expressing the order 
would not serve to simplify or illustrate the general sur- 
vey of the objects ; it would rather serve to proituce confu- 
sion. pn the other hand, it could not but be useful, even in 
Bbtany, to fix the name upon the order, supposing the sys- 
tem to which the nomenclature refers to be the natural sys- 
tem. SI classes nafuralcs csscirl hivenlir omnes^ ma.vhne arndr^ 
ret icnmimtio noinhium coiiformis in affinihiis^nl nhnia mn tafia 
prohihcrcU LiXN. Crit. Bot. In the Natural History of 
the Mineral Kingdom, however, the system itself, and con- 
secpiently also the order, is a natural or synthetical one ; 
hence there exists a connexion among the classified objects, 
wdiich niavj and even must be expressed by means of the 
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systematic nomenclature. Thus it becomes necessary to 
fix the name upon the order. Only a trifling advan- 
tage, indeed, would be gained, if in Mineralogy the genus 
should be fixed upon as the unity of classification which 
has to bear the name, since most of ^the genera contain 
comparatively only verjj few; species. The systematic 
nomenclature would t];ius not find room to shew its useful- 
ness, and to yield the services required by Natural His- 
tory. 

The higher the degree of classification is, upoiP which 
we may fix the name, the more we shall be enabled to ex- 
press, in the denomination of the species, the extent of the 
connexion among the classified objects. This, however, 
must have its limits, and should not be carried on so far that 
it ceases to be either useful or\jonvenicnt. It is very useful 
to express the order in the Natural History of the Mineral 
Kingdom ; and this may be*effectc(l without any inconve- 
nience. But if we would endeavour ajso to express the 
class, this would be both, of little utility, in as much as 
there are only three classes in the natural-historical system 
of Mineralogy ; and very inconvenient, because, in order 
to denominate a species, this would require four dilfcrent 
words. Moreover, the last of these words being in most 
cases the same, the constant repetition would produce at 
least a very disagreeable monotony. 

It has been considered as a rule in Natural iiistoiy, that 
the genus should bear the name. This rule, ^s we have 
seen above, is* not a general one. We may consider it, 
however, as a general rule, that the systematic nomencla- 
ture should unite as much as possible all the advan^agcfi, 
and render all those services which Natural History rea- 
sonably can expect. The name, therefore, should be so 
placed, as best to fulfil these demands. From the rea- 
sons developed, and under the circumstances above men- 
tioned, this reaUy takes place, if in Botany it is the genus, 
if in Mineralogy it is the order which bears the i^me. For 
the sake of a greater conformity, however, with the method 
received in Botany, a compound name is fixt'd in Minera- 

voL. I. 
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logy upon the genus, or the name oi‘ the genus receives such 
an arrangement, that it expresses at the same time the or- 
der; a contrivance which cannot be considered as objection- 
able, according to the principles of Zoology or Botany. 

§. 235 . SELECTION OF THE NAMES OF THE OEDERS. 

The simple names are the foundation of the 
whole nomenclature. In their selection, tlierefore, 
we must proceed with the necessary precaution and 
attention. 

I have endeavoured to introduce as few new names as pos> 
sible, and I have derived therefore as many from ancient Mi- 
neralogy, as I found to answer the purpose. Nomina vetenim 
•planiis mijmUa lando^ ad consjmimn vero rcceniiornm jdunum 
horreo. H(vc enhn maximam partem sunt nihil nisi Chaos 
confiisionis^ enjus Mater harharies^ Pater anthoriias^ Nutrix 
prajudicimn. Link. Crit. Bot. Several of these ancient 
names have been of late severely censured, others have 
been entirely rejected : yet I have thought it right to select 
some of them which possessed the necessary qualities, and 
to introduce them into the systematic nomenclature of the 
present work. These names are, Gas^ Water ^ Acidy Salty 
MfirytCy MalachiiCy Micoy Spary Gcniy Ore, Mctaly Pyritesy 
Glanccy Blcndcy Sulphury Rcsiuy and Coal These names are 
sufficient for all the orders hitherto known, except two ; 
and it seems that a spirit of innovation cannot be with pro- 
priety reproached to a new nomenclature, if it does not 
contain more than two new names, particularly if we re- 
collect that it refers to a new system, or rather to a sys- 
tem in which a new application of principles has been made, 
which, though not new in themselves, have yet been ne- 
glected in Mineralogy. These now names are Ilaloidc and 
Kerate, They would not have been made use of, had any 
others’of a similar signilicutiou occurred in the older mine- 
ralogy. 
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230 . SIGNIFICATION OF THE NAMES OF THE 
OBDEllS. 

riie simple 4iames receive their signification in 
agreement with the ideas of the* orders. They 
must always be used iA these^ never in any other 
significations. 

It may be useful in this place to add a few renirV'ks on 
the meaning attached to several of these names as applied 
to the orders. Tlie name of Ore has been hitherto applied 
to a great many minerals, and it is one of those, whos§ sig- 
nification has been particularly vague and uncertain. Even 
its technical signification had disappeared ; fcp* though in 
this respect we understand very well what is meant by 
Iron-ore, Copper-ore, Manganese- ore, and Chrome-ore; 
yet it will be very difficult to say what we should understand 
by Tdver-ore, Tinder-ore, TIorn-ore, I'ile ore, Oliven-ore, 
Pea-ore, Pitch-ore, &c. Names of that kind have indeed 
no signification at all, as long as there does not exist an 
order Ore, to the genera of which they may be referred. 

If, on the contrary, we attempt to comprise in one single 
expression all the minerals which have hitherto tbeen de- 
signated by the name of Ore, and add such as are naturally 
allied to them in their properties and resemblance, in^rder 
to produce the natural-historical idea of the name of Ore ; 
the idea conveyed by this term would necessarily become 
so complex and varied as to be utterly devoid of clcameS 
and consistency with itself. It would moreover iftelude si> 
many species, that the greater part of the minerals would 
become ores, and thus the whole Mineral Kingdom would 
not admit of another idea of that kind. * 

If therefore the name of Ore shall not lose both signifi- 
cation and applicability in the Natural History of the Mi- 
neral Kingdom ; it must be confined to* a few only of those 
minerals which hitherto have been called ores. Among 
these are Red Copper-ore (octahedral Copper»orc), Tin-ore 
(pyramidal Tin-ore), the iron-yres (rhombohedral, octahe- 
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ilral and prismatic Iron-ore), Grey Manganese-ore (prisma- , 
toidal Manganese-ore), &c. The same name of Ore must 
likewise be applied to other species, which are connected 
with the preceding ones by equal degrees of natural-histo- 
rical similarity. , Such are Eutile (peritomous Titanium- 
ore), Anatase (pyramidal Titjpium-orc), Wolfram (prisma- 
tic Scheelium-ore), Uranite (uncl^'avable Uranium-ore), &c. 
All these species form together one natural order, which 
bears the name. The name acquires, therefore, its signi- 
ficUtion and application, from the nature of the genera 
and species which the order contains ; and is transferred 
upon them in so far as they belong to that order. Hence 
every thing must also bear ‘the name of Ore, which belongs 
to the order Ore, or, in other words, it will be said to he 
an Ore; ‘and a mineral is*callcd an Ore, only because it be- 
longs to this order. Thus the idea of the name of Ore 
becomes exactly determined in conformity to the idea of 
the order. A jiewly discovered mineral, which, on account 
of its natural-historical properties, belongs to the order Ore, 
assumes this name, or comes as it were with this name to 
the notice of the world, and is thus secured from a burden 
which arbitrariness very soon would load upon it, as long 
as there does not exist a systematical nomenclature. 

The signification of the name Pyrites has been better main- 
tained in its purity. Most of the minerals hitlierto called 
f’yrites, really belong to that natural order, upon which tlie 
name gf Pyrites has been fixed. Such are C\)pper-pyritcs 
(pyramidal Copper-pyrites), Iron-pyrites (hexahedral and 
prismatic Iron-pyrites), Arsenical pyrites (axotomous and 
prismatic Arsenical-pyrites), &c. Otlier species, that ne- 
vertheless belong to the same order, have hitherto not been 
called pyrites; as Cobalt-glance (hexahedral Cobalt-py- 
rites), white Cobalt-ore (octahedral Cobalt-pyrites), Kup- 
fernickel (prismatic N ickel-py rites). Cobalt and N ickel arc 
metals, and minerals which bear these names must belong 
to the order Metal. But if Iron-pyrites be a Pyrites, that 
is to say, if it belong to a certain natural order, all the rest 
likewise* must belong; to that order, and consequentlv as- 
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Slime its name. They are therefore compelled as it were, by 
their natural-historical properties, to part with their former 
names. 

No other naii^ has been subject to more ambiguities, and 
to abuses, than the name of Spar, Th^ word Spar is ge- 
nerally said to signify a certain structure whicli has been 
called the spatliose one. * We should never derive a name.— . 
a word, which designates a very general idea, — ^froin this 
property ; for no property is less constant in a determined 
signification, as its constancy does not extend beyonU the 
sjiecies, if we except the tessular system. In a more com- 
prehensive or indeterminate signification, again, it is so ge- 
neral, that it occurs not only in all the systems of cryftal- 
lisation, but also in many different orders. 

The name of Felspar or FehUspar is almost generally re- 
ceived in many languages, and may be useful on that ac- 
count in deriving the name of an order. Hence only those 
minerals are said to be Spars^ which belong with FehUspar to 
one and the same natural order, and not those sjiecies only 
which shew the so called spathose structure. 

Mica signifies a mineral, which may be cleaved with fa- 
cility into thill shining lamina*. Common Mica (rhombo- 
hedral Talc-mica), Uran-niica (pyramidal £uchlore-mica), 
Copper-mica (rhombohedral Euchlore-mica), are of this kind. 
Although this relation of structure alone is not 'sufficient 
for determining a natural order ; yet the order Mica con- 
tains only such species as present it in a higW degree of 
perfection, and it bears therefore deservedly this name. 

A mineral which may with propriety bear the name of a 
Metal, must really be a metal, or it must present the f)ro- 
perties peculiar to metals. Hence this name must not 
be given to species belonging to the orders Pyrites,, 
Glance, Blende or Ore, because they do not possess the 
properties of metals, although metals actually may be 
extracted from them. The classification of metallic sub- 
stances in the greater part of the systems hitherto pub- 
lished, regard much more the reguli obtained by chemical 
aid, than the productions of nature ; and thus* they betray 
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that they are not meant to be systems of Natural History, 
but something which indeed cannot always be defined or 
reduced to clear ideas. 

The rest of the names need no further remarks. Some 
of them belong entirely to the English idiom ; others have 
long ago been introduced by mineralogical authors. The use 
of these names is similar to that pf the words explained be- 
fore ; the ideas which they express being dependent upon 
the contents of the orders to which they have been aj^plied. 

The only two names newly introduced are Haloide and 
Kerate, The first of these hs^ been used by several che- 
mists for certain compositions of Muriatic acid with other 
bodies. The name, however, does not indicate this acid to 
be contained in the mixture. It means only a substance 
rescmhling sdlt.^ like octahedral Fluor-haloide, prismatoidal 
Clypsum-haloide, rhombohedral Lime-haloide, &c. 

The above mentioned examples shew that there exist 
mineral productions in nature, so very similar to the salts, 
that is to say, to the minerals contained in the fourth order of 
the first class, in respect to their natural-historical proper- 
ties, that without a nearer examination, they might be 
easily mistaken for one another ; and which, therefore, in- 
deed possess that resemblance to salt in a remarkably high 
degree. These substances form tlie first order of the se- 
cond class, and have received the name of Haloides. 

Kerate is a translation of Hom-ore (to which Quicksilver 
Hom-gre likewise belongs), suppressing only the word ore, 
a name to which these substances are not entitled. In 
Mineralogy, we find very often comparisons with horn, 
sometimes not in a proper place, as in homstone, horn- 
blende, homslate, &c. It may be tolerated in the Ke- 
rates, though its application is not the consequence of its 
particular merits. 

§. ^37. NAME OF THE CEXITS. 

In the genu?, the name of tlie order is more re- 
stricted by connecting another word with the name 
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of the order ; and thus the product is a coiupouiid 
name, whicli is the Na'ine of the Gcnus^ or the Ge- 
ncric Name. 

The generic name should refer to»lhe natural-historical 
properties of the genus and it should therefore express, as 
much as possible, some striking feature of its resemblance 
with other hodies. Such is the name GanicUhkndc. The 
genus, designated hy this name, belongs to the order Blende ; 
the individuals which it contains very often look likd garnet, 
'fhis garnct-like appearance, however, is not a similarity of 
that kind, upon which the classification of the genus might 
dci)end ; besides, this classification must precede bdlh no- 
menclature (g. 240.) and characteristic (§. 247.)* There 
can be no doubt, that for the nomenclature df* a synthetical 
system, no better mode of constructing the generic names 
could be invented. JVr omim gencrica^ (ituc characicrcm essen- 
llalcjti vcl hahitHm (plantiv) exluhcnt^ ojifima sunt* IlahHus m<- 
iVicat slmUitudhicm^ qua cxcHatur idca^ ct ex idea nomcn. Linn. 
Phil. Bot. 240. This mode of nomenclature, however, could 
not be applied to every genus, without introducing a great 
many new words, which is attended with all kinds of disad- 
vantages, and must therefore be carefully avoided. On this 
account, two different methods have been resorfed to. In 
many instances common trivial names have been employed 
in forming generic names ; in others these names have been 
derived from a- property which is not a natural-historical 
tnie. According to the first process were obtained the naiyes 
of Peld-spar, Augite-spar, Triphane-spar, Dispiene-spar, 
Azure-spar ; according to the second process, Iron-pyrifes, 
Cobalt-py rites, Lead-glance, Molybdena-glance, Scheeliiim- 
baryte, I.ead-baryte, and others. The latter of these nanjes 
really have a chemical : but they have in the present 
idace no chemical meaning; and it is only tlie meaning 
which must here be taken into consideration. The genera 
Iron-pyrites, Nickel-pyrites, Cobalt-pyrites, Hhe genera 
Uranium-ore, Chrome-ore, Manganese-ore, Ac. are not 
assembled because they contain the metals of which they 
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bear the names; but because the first are Pyrites, the 
second Ores. Many minerals indeed contain the said me- 
tals, and yet arc not joined to these species within the 
same orders. Thus the above mentionce], names not onl^. 
become innocuous, but they are even useful, in as much as 
they convey the idea, though not a natural-historical one, of 
the quality of the contents to which these bodies owe their 
application in the arts. Yet they would not have been 
employed, but for the above mentioned rule in the construc- 
tion < of a new nomenclature, not to introduce too many 
new words. > • ^ 

In the names of two of thdlQi*ders, Gem and Metal, 
anjDxception seems to have been made from the general 
process of applying compound names to the genera, which 
at the sain^ time should esppress the orders. The name of 
the order is, however, only suppressed in these, because 
to a certain extent it is understood from itself. Every 
body knows Gold, Silver, Bismuth, Tellurium, &e. to be 
metals, and the names Gold-metal, Silver-metal, &c. would 
certainly not meet with general approbation. It is the 
same with Diamond, Topaz, 55ircon, &c. Nobody would 
approve of the names Diamond-gem, To 2 )az-gem, Zircon- 
gem, &c. The name of a metal, and the name of a gem, 
therefore, signify by themselves the order to which the 
one and the other belongs. The only genus of the order 
SulJ)hur has as yet no generic name. 

§. 23 §. DENOMINATION OF THE SPECIES. 

iliearer restriction of the generic name to 
the species is efTcctcd by an adjective. Thus iffie 
Dfinomination o/‘ the Species is produced. 

The adjective, with which the species is designated with- 
in its genus, must|])c taken from its natural-historical pro- 
perties, and if possible so selected, that it refers to one 
of those properties of the species wliich are most useful in 
distiiiguishihg it from other species of the same genus. To 
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this end, the most desirable are the systems of crystallisa* 
tion and the relations of cleavage. Examples are, hexahe- 
dral, prismatic, rhombohedral Iron-pyrites ; rhombohedral, 
octahedral, do(}ecaheflral, prismatic Corundum ; rhombohe- 
dral, octahedral, prismatic Iron-ore, and many others. If 
two or three species of a genus belong to one system of 
crystallisation, one of tftem retains the adjective express- 
ing the system ; the others receive a denomination taken 
from a general property of crystallisation, or of cleav- 
age, as in peritomous and pyramidal Titanium-pre, in 
prismatic, prismatoida^ hemi-prismatic, and paratomous 
Augite-spar, in rhombohedral and peritomous liuby-blende, 
in rhombohedral, macrotypous, brachytypous and p£irato- 
mous Limc-haloide, and several others. In the same man- 
ner have also been employed the adjcctivq^ axotomous, 
diatomous, diprismatic, and prismatoidal, agreeably to the 
explanations given above. • The adjectives nnckavahlc and 
native should be retained, only till the cleavage or the form 
of those species to which they are now applied, will be as- 
certained. Only a few, for want of better, have been taken 
from colours, none from localities or persons, nor has, in 
any instance, the adjective common been cinj)loyed, which 
is indeed the worst of alL The natural quality of the spe- 
cies contained in the three first orders of the first class, 
and in the second order of the third class, has iwoduced the 
necessity of deriving adjectives from other relations,* which 
would else not have been applied. 

§. 239 , REPRESENTATION OF THE SPECIES THROUCTH 
ITS DENOMINATION. 

The systematic denomination produces a repre- 
sentation of the species. This nevertheless cannbt 
be substituted in the place of the character in the 
Characteristic, nor of the general description in the 
Physiography. 

It is not a small advantage of that systematic nomencla- 
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tiiro, wlilcli rcibrs tu a natural or synthetical system, to create 
an image of the object to which it refers, by means of its ilc- 
nominations, which never can be erroneous, though it may 
be insufticient. The trivial nomenclature can never render” 
this service, how j)erfect soever it may be in respect to its 
peculiar properties. If we hear the name Untile^ and do not 
know the species itself, to which it belongs, we never can 
imagine any thing like a representation of the object, 
though for the rest, our knowledge of Mineralogy may be 
very extensive. If, on the contrary, we hear jyeritmnous 
Titanium-ore^ and have only an x^ea of the order Ore, this 
at onqe will produce a general image of the species, which 
will be still more restricted, *if we have some idea of the 
genus TUanium-ore. But ive may indeed siipposc Uiat every 
person possfsses an intake of iSic orders and genera in Jits 7nind^ 
•who is in some degree acquainted wUJt tJiC Natural History of 
the Mineral Kingdom, If, besides, we attend to the cleav- 
age, which is peritomous, this will suffice, by the mere de- 
nomination, for distinguishing tlie varieties of peritomous 
'Titanium-ore from those of the prismatic or the pyrami- 
dal Titanium-ore. The denominations may be still more 
useful, if they express the cleavage more minutely, or if 
they refer to the system of crystallisation. By the deno- 
mination hexalicdral Iron-pyrites wc learn, that in the 
order Pyrites, the species belongs to the genus Iron-pyrites, 
an& the adjective hexahedral signilics that its forms belong 
to the tessular system, and that cleavage takes place in the 
direction of the faces of the hexahedron. An image, thus 
produced of the species by the mere denomination, is in- 
. deed Very useful. Yet it cannot serve as a substitute to 
the character hi. respect to the process of determining an 
individual, by the assistance of the Characteristic, nor can 
it be employed instead of the General Description, for re- 
presenting the varieties of the species. For commonly it 
contains only one character, in most cases a very general 
one, anjJ refers besides to images or representations, which 
can only l)e accjuired by ocular inspection, and never can 
receive the* precision of a character, nor that exact idea of 
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the species, which is produced by the general description. 
The characters contain every thing required for a correct 
distinction within their sphere: the general descriptions 
contain everx thing required to a perfect natural-historical 
knowledge of the species itself! 

It will not remain unnoticed by those who consider an 
empirical knowledge ot‘ the productions of the Mineral 
Kingdom as a valuable acquirement, that the methodical 
way is the only ojic which leads to this end with the great- 
est facility ; and, what is still more important, ^ith the 
greatest exactness and security, while every other attempt 
must remain fruitless. 

§. 240 . SYSTEMATIC NOMENCLATURE HOW TO BE 
JUDGED OF. 

The systematic nomenclature presupposes a sys- 
tem, to which it refers ; and upoa the due considc*- 
ration of this system must necessarily depend a 
complete judgment of the nomenclature. The sys- 
tem requires a systematic nomenclature, in order 
to be applicable to the objects of experience. 

Although the first part of this proposition immediately 
follows from the very idea of a systematic nomenclature 
(§. yet it seems necessary to add here a few remarks. 

The reason why as yet there has not existed a systema- 
tic nomenclature in Mineralogy, was the want of a syAein, 
capable of serving as basis to a systematic nomenclature, a 
system which for that purpose would have required to 
contain correctly determined species, arranged according 
to the general principles of Natural History. Several 
attempts have been made to construct a Liatin syste- 
matic nomenclature ; they have not succeeded, because 
tlie systems to which they referred, did not possess the 
necessary properties. The celebrated Abbe Hauy ac- 
knowledges indeed the great value of a systematic no. 
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meiiclaturc, yet only a part of that iionieiiclature, which 
he applies himself, is systematic, the rest is trivial no- 
menclature. This mixed nomenclature is a consequence 
of a mixed system ; and proves that ‘the nomenclature can- 
not acquire uniforniity, unless the system rest upon simple 
principles. Mineralogy, as hitherto treated, has amply 
demonstrated this observation. IHoology and Botany prove 
the reverse. These parts of Natural History have always 
proceeded according to one and the same principle, and on 
this aocount they have long ago possessed the advantage of 
a systeiiiatic nomenclature. 

It appears evidently from the preceding observations, 
tliatrthe systematic nomenclature must be judged of ac- 
cording to the system to which it refers. If this be found- 
ed upon reVitions appertainhig to the science, and if its 
dillerent parts be consistent with each other; that is to 
say, if it fulfil the above mentioned demands of Natural 
History ; the whole business of nomenclature will be to 
express this system by words, so that it becomes possible 
from the denomination of a species to infer the connexion in 
which it stands with others. The nomenclature, moreover, 
should not be contrary to the spirit of the lan^piage ; its 
expressions should be concise and intelligible, and the de- 
nominations, if possible, should be expressive of the objects 
themselves. These are the chief properties of nomencla- 
ture, *upon which its applicability depends. It will thus 
allow of all those improvements and refinements, or, in 
general, of all those changes, which are rendered necessary 
by the continual advancement of our knowledge regarding 
the pradftetions of the Mineral Kingdom. 

The object of the systematic nomenclature is to promote 
and facilitate the apjdication of the system to nature, or to 
the data of observation. For while we attribute certain 
names or denominations to the natural productions, we ar- 
range them at the same time under the general ideas of 
the systeip ; the system, however, is constructed for the 
purpose of collecting the variety of nature within its ge- 
neral ideas, and thus reducimr it to a unitv. in order to 
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enable us to survey and to understand it, and to acquire 
some mpre exact knowledge of it, than that which consists in 
a mere work of memory. The system would lose its applica- 
tion if there m^as no nomenclature, and both, System and 
Nomenclature, appear therefore equally important in re- 
spect to the idea of Natural History, and they are connect- 
ed with each other by means of the Characteristic. 

§. £ 41 . TRIVIAL NOMENCLATITRE. 

In the trivial nomenclature the name is hxed 
upon the species. 

The trivial nomenclature does not express the connexion 
among those bodies, wluch*it provides with names. Any 
name, not destined to express this connexion, is termed a 
Trivial Name^ which restSs accordingly upon the lowest 
idea of the system, that is to say, uppn the species. Th# 
meaning attached here to a trivial name is somewhat differ- 
ent from the trivial name as defined by LiNNiV.us. The 
latter consists of a mere adjective, substituted for the cha.- 
racter of the sjiecies : it is not properly a name (§. 232.), 
and can tlierelbre never be used by itself, hut only in 
connexion with a name, as a denomination. 

It is a custom generally received, and in Mo way objec- 
tionable, to provide the natural productions, and, afiovc all, 
those which are used in the arts of life, ^'ith particular 
names, which, on account of their conciseness and simplici- 
ty, are more convenient for use than the long and compound 
systematic denominations. IMoreover, it is sup*posgd Iferc, 
that W'e are already acquainted with the object thus named, 
or the name at least is not meant to express some farther 
information, and so they are destined as it were, for a less 
strict or scientific employment. But it would be blame- 
able indeed, if, for the trivial nomenclature, we should ne- 
glect the systematic one, and thus betray an, indifference 
towards the science itself, which could not but produce 
evil consequences. 
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Together with the knowledge of the bodies themselves, 
the trivial nomenclature likewise supposes that of the con- 
nexion in which they are with others. Hence it supposes 
the systematical nomenclature ; and it k evident, therco 
fore, that althougli it may exist beside it, yet it never can, 
instead of it, fulfil the demand j of Natural History. 

The properties requisite in trivial names, may be very 
easily inferred from the preceding observations. Their 
chief recomineiidation consists in their simplicity ; they 
must be simjilc names (§. 232.). For a compound name ex- 
presses a connexion or a relation with other objects, with 
which trivial nomenclature has nothing to do, and refers 
to a system, which does not dxist, at least not in respect to 
the trivial nomenclature. The names, Sjnntl^ for dodeca- 
hedral Corundum ; Etichis^ for prismatic Emerald ; RutUc^ 
for peritomous THanium-ore, are excellent trivial names. 
The name Hornhleml\ if ajSplied to a species, supposes a 
genus Blende, wjiich does not exist in any of the systems 
in whicli that name has been used ; if it be supposed to re- 
fer to one or to several varieties, it will suppose the exist- 
ence of a species Blende ; to which, however, in these sys- 
tems, hornblende does not belong. Examples of this kind, 
of which a great many more might be quoted, are calculat- 
ed to shew, that there exist rules even in respect to the tri- 
vial noiifenclature, which it is indispensable to observe, if 
we intend not to confound those ideas, which it is the pur- 
pose of tlje system to explain, and the purpose of nomen- 
clature to preserve in their purity. Compound trivial 
names, moreover, without either the necessity or the advan- 
produce all the difficulties of a systematic nomencla- 
ture. And yet, the only motive of introducing a trivial 
nomenclature is to avoid these difficulties ; hence it appears 
that compound trivial names are entirely to be rejected. 

It requires but a limited knowledge of the object to un- 
derstand, that the difficulties, connected with the construc- 
tion of q good trivial nomenclature, possessing the requircel 
properties, by far surpass those which attend the construc- 
tion of a s>^lematic nomenclature. Many names contain^. 
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eel ill several of the systems of IMincralogy hitherto pub- 
lished, might be of use in the construction of a good trivial 
nomenclature ; they should be collected and properly com- 
pleted. The .difficulty of introducing a nomenclature of 
this kind, even though it were aclgnowledged as useful, 
will be probably found fpreater, than if it had been syste- 
matic. On account yf the great difficulties in establishing 
certain and general rules in the selection of trivial names, 
there will always remain some arbitrariness, which is un- 
avoidable, and will form the principal impediment of a 
general agreement in this respect. 

The natural-historical determination of natural produc- 
tions, does not go beyond the species (§. 222.). Theeyste- 
inatic nomenclature, therefore, must stop at the denomina- 
tion, the trivial nomcnclatifre at the name of the species. 
The disadvantage arising to the systematic nomenclature, 
from a want of attention to this rule, consists in the cir- 
cumstance, that the denominations l^ecome composed oi> 
too many words, because they require at least two adjec- 
tives. If the trivial nomenclature applies names to parti- 
cular varieties, as Amethyst, Prase, Adularia, Amiantus, 
Anhydrite, &c. the idea of the species becomes too much 
dismembered. If it produces denominations by adding 
adjectives to the names of the species, it assumes the ap- 
pearance of a systematic nomenclature, neither Of which pro- 
perties would serve to its recommendation. 
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CHARACTERISTIC. 

§. 242 . DEFINITION. 

The Cliaractensltc is the assemblage of certain 
natural- historical properties, arranged according to 
a certain system, for the purpose of distinguish- 
ing the unities contained in this system. 

Any single natural-historical property, or a collection of 
several of them, if it be subservient to the distinction 
of several species of a genus, or of several genera of an 
order, or of several orders of a class, &c. is termed a Cluu 
racier^ and the single properties it contains arc its Charac^ 
ierisiic Terms or Marks, If a character contains only one 
charact^istic mark, tliis mark itself represents the character. 

Without a system, there cannot exist a character ; and 
therefore likewise no Characteristic, because the distinction 
of several bodies, by means of characters, takes place only 
within the unities of the system. Thus it becomes possible 
that a character may contain, or be limited to a single one, or 
a small ntimber of characteristic marks. A character calcu- 
lated for distinguishing one single species from all other 
species, to whatever genera or orders they might belong ; 
th&t is to say, a general character, would require the enu- 
meration of all the natural-historical properties of the spe- 
cies, as its characteristic marks. But this enumeration of 
all the properties of a natural production, is its Description 
(§. 27.)i which is beyond the limits of the Characteristic, 
and enters those of Physiography. 

The 'term nataral character is applied by IjINNaius to 
the description. Among its properties, he mentions that 
U contains all the characteristic marks, of tlie genus in Bo- 
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tany, to which every thing liiNNiEus says of characters, 
more particularly refers; Naturalis charcu^ter mias omncs 
genericas possibUes allegat ; adeoque Essentidlefn et Factitium 
inchidit. Linn. Phil! Bot. 189. He likewise says, that it 
is invariable and not dependent upon the system ; and that 
it may serve for every system ; inscroit omni systeinati ; 
Basin stcrnit novls systemaiihus^ immutatus pcrsistit^ licet in* 
finita genera nova detegerentur. Linn. PhiL Bot. ibid. These 
properties do not belong to a Character properly so called ; 
but they are essential to the General Description* The 
preceding observations coQj^in the reasons why 1 have 
thought necessary to abandon the denominations used by 
Linnaeus. 

§. 243 . NATURAL AND AlfTIFICIAL CHi^ACTERS. 

If the system to whioh the character refers is 
the natural or synthetical system, also the cha* ' 
racter is said to be a natural one ; if the system is 
an artificial or analytical one, it likewise contains 
artytdal characters. 

This is the correct idea of a natural and of ai^ artificial 
character, which gives no occasion to ambiguities. Essen^ 
tialis character unlca idea dislingnit Genus a congencribws suis 
sub eodcfn ordiue naturalu Linn. Phil. Bot. 187- Factitius 
character Genus ah alHs^ ejusdem tantum ordinis aftificialis^ dis^ 
iinguit, Linn. Phil. Bot. 188. This natural character, 
therefore, must not be considered as something 4 )roduc^d 
by nature, for nature docs not institute comparisofls be- 
tween its productions, from which the natural character 
might be derived. It seems not to be exactly in harmony 
with the idea of this character, to call it an essential one, 
since it depends upon the properties of the objects (orders, 
genera, species) compared, and is a result of their compa- 
rison ; sa thnt by the discovery of new genera ift an order, 
or of new species in a genus, it may be subject to altera- 
VOL. I. 2 A 
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tions, which will never cease, and therefore always hinder the 
character from being infallible, till every thing is known 
which nature has produced within that kingdom. Nullus 
character infalUhilU est^ anteqmm secUndum omnes suaa species 
directus cst. Link. Phil. Bot. 103. It would be possible^ 
on the contrary, to call the artificial character an essential 
one, at least in respect to a certain system, since, as it will 
appear afterwards, it is the founddiioji of the divisions in 
that artificial system. The division is effected according 
to general properties, and every individual necessarily be- 
longs to one or to the other of these divisions, in as far 
as it contains the characteristic property. Thus the artifi- 
cigl character is not dependent upon the enlargement of 
our knowledge by exjierience. Yet even here it is bettor 
to avoid tfiis expression, because commonly it gives rise to 
accessory considerations, which may lead to erroneous 
ideas. 

The denomination of the characters corresponds witli 
their object, so that we have Characters of the Orders^ Generic 
Characters^ &c. 


§. 244 . PROPERTIES OF THE ClIAUACTEUS. 

The characters must be sufficient to a precise 
distinction within their respective sj)herc, and as 
short *as the necessary degree of evidence in the de- 
termination of the species will allow. 

The^ first requisite is an immediate consequence of the 
veiy idea of a character. Characters are entirely useless, 
if they serve for the distinction only of some of the species 
contained within their genus, or of some of the genera con- 
tained within their order. If a single characteristic mark 
suffice for a general distinction, this mark will represent 
the character its^f : if not, several of them must be ap- 
plied in« connexion, and thus form the character. A com- 
pound character of this kind can only belong to a natural 
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system, because only in this it is possible, that one single 
characteristic term should not be found, sufficient for a ge- 
neral distinction. Tliis natural character it is, which re- 
quires the greatest* possible Conciseness and Uniformity. 
Character cssentiaVts^ quo hrcviory cO ctiam prccstantior cst. 

Lixn. riiil. Jlot. 187* The shorter *the character is, the 
more facility and certairfty it will afford to the distinction ; 
and this facility and certainty it is, which we demand in a 
character. The more uniformly we arrange the charac- 
ters of the same kind, the less likely we are to cinit any 
characteristic marks. Hence the characters should not 
contain any thing, but what is unavoidably required for 
the distinction and the evidence in the determination ^f the 
species ; and ever}’- superfluous word, every word of an am- 
biguous signification, is reprehensible ; so is^every restric- 
tion in regard to time, or other relations, and, above all, 
every verbal exception, quite contrary to the idea of a cha- 
racter. Even now, at least in respect to the Natural His-, 
tory of the Mineral Kingdom, it is not* superfluous to add : 
Oratorio stylo in charactcn\ nil ma^^is abonihtabik, laNX. 
rhil. Hot. 100. 

The higher the degree of classification, witliin the s])herc 
of which the distinction is to take place, the more it is ne- 
cessary to bestow all possible attention upon, the above 
mentioned properties of the characters. For, if the first 
distinction ])e not evident and correct, the subsequctit ones 
will be still less worthy our consideration. It is obvious 
that the characters will acquire the proj)ertfes of concise- 
ness and uniformity to a comparatively higher degree, the 
more the system corresponds to nature, in proportion HJce- 
wise to the correctness and consistency within itseff, with 
which it expresses the relations of the natural-historical 
resemblance. The characters of the classes and of the ge- 
nera possess these properties to a considerable extent. On ly 
the characters of some of the orders in the second class arc 
longer, they contain more characteristic marks, than it is 
desirable they should contain. Though in tins degree of 
classification the variety in the conncxiyn among the 
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difTorcnt iiatural-historical properties of the individuals has 
occasioned great difiicultics in characterizing the orders, as 
is very conceivable, yet they have not been prejudicial to 
the correctness of the determination. This correctness be-^ 
comes perfectly evident if we consider the orders in nature, 
and particularly those in which the characters surpass all 
the others in extent. Although these characters do not in 
the same degree possess shortness and uniformity, as the 
characters of the classes and genera, yet they are not on 
that 'account difficult in their application, because, as it will 
aiipear more clearly afterwards, the student is very seldom 
under the necessity of going through them from beginning 
to Olid, since, if the individual in question do not belong 
to the order with the character of which it is compared, 
one or a fow characteristic fnarks will alFord sufficient rea- 
sons for its exclusion. 

In an artificial system tlid Characteristic meets with no 
difficulty whatc\;cr ; because it is effiected by the very dis- 
tribution in producing the system. The characters tlicro- 
fore must necessarily possess the required properties, since 
they are the tbundation of the system, and on that account 
cannot hut be generally distinctive in their sphere, and 
consist of a single characteristic mark. Tt is otherwise in 
the natxiral system. Having arranged the unities of clas- 
siOcatioii, particularly the orders of this system in nature, 
weMnd by the mere inspection, that they essentially differ 
from each other. As has been remarked above, this is the 
best means of convincing ourselves of their conformity to 
nature. But if we endeavour to reduce these differences 
to siii^e characteristic marks, and to express them verbal- 
ly ill the characters ; w’e have to struggle with an almost 
endless variety, which either deprives most of tlic charac- 
ters of their generality, or renders them too general ; in 
both of which cases they cease to be applicable, since they 
leave nothing but the choice between a tiresome prolixity, 
and a still greater uncertainty and want of precision. 
Under such circumstances, it would not be very promising 
to attempt the construction of a Characteristic, were it 
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not for the possibility of removing their disadvantageous 
inllueuce upon the proiiertics of the characters. 

§. 245. ABSOI,UTE*AND CONDITIONED CHAKACTEE- 
ISTIC MAEKS. 

A characteristic ntark is said to be absolute, 
which is by itself* distinctive within its sphere ; 
another which is only distinctive under certain cir- 
cumstances or restrictions, is called a conditioned 
characteristic mark. 

The method by which marks which are not general, or 
which are distinctive only ^nder certain circumstances and 
restrictions, may yet be rendered applicalSe, consists in 
adding these circumstancq^ in the form of conditions under 
which these marks become distinctive. Instead of the 
characteristic marks themselves, thfiir relation to each 
other is employed, and thus they become conditioned 
characteristic marks. 

It is a disagreeable necessity to be forced to employ such 
conditioned marks in the characters ; the method, however, 
in which it has been cHectcd, prevents any disadvantage- 
ous consequences which might arise from Uiein in the 
use of the Characteristic ; they have no prejudicial inHu- 
cnce whatever upon the brevity, the facility in the applica- 
tion, the precision and certainty of the clmracters. Ac- 
cording to the arrangement uniformly given to the condi- 
tioned characteristic marks, the condition, whj^h consists 
in nothing else but in the presence of a certain projjerty, is 
prefixed to the conditionate property, and separated from it 
by this sign ( : ). Thus, in the simplest case they will be ex- 
pressed by two words, in more compound cases by at least a 
very small number of words, the employment being exactly 
the same as that of absolute characteristic marks. If, for 
instance, a solid mineral shall belong to the first class, it 
must be sapid ; and the character of this class is therefore, 
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Solid : taste where solidity is the condition under which 
the property of exciting some taste must necessarily take 
place. The characters, and every single mark w^hich they 
contain, must be taken literally ; and they admit of no expla-, 
nation or other accessory significations, but that which is 
really expressed by the words. ^ In the instance just men- 
tioned, it would be erroneous to i^fer, that if a mineral 
which shall belong to the first class is not solid, it must be 
insipid. The character does not express this; and it is 
therefore quite indifferent whether, if not solid, the mine- 
ral has any taste or not. Sometimes the conditioning part, 
sometimes the conditioned part of the characteristic mark, 
at other times both of them, dre compound. Yet the em- 
ployment of the conditioned cliaracteristic mark is not dif- 
ferent from that of the absc^utc ones, as explained above. 

§. £46. A&RANGEMENT OF THE CHAEACTEES OF 
THE SPECIES. 

The arrangement of the characters of the species 
must be such, that, by their assistance, the deter- 
mination of the individuals receives the greatest evi- 
dence which the science can jxjssibly produce. 

• 

The only thing we may reasonably demand from the 
characters of the classes, the orders and genera, is, that they 
should exclude every individual which does not belong to 
• them, and that they shoidti not exclude those which these uni- 
„tics comprehend. It is quite indifferent ])y what properties, 
and in what manner this is eilected, provided the properties 
be sufficient for a general distinction within their sphere, and 
the method agreeable to the principles of Natural History. 
The character of the species requires something more. 
For here the object of our inquiry is not only to know that 
a given individual is not excluded from a certain sjiccies, 
but we wish to find out, and to convince ourselves, that it 
really doesjjelong to that species. For this reason llie 
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character of the species should contain marks, whicii, if not 
always, at least very often may be superiSuous in resi)ect to 
the mere process of distinction. The genus Emerald con- 
tains two sf^ies, prismatic and rhombohedral Emerald. 
For the sake of mere distinction, tb^ character of each of 
these species need not^to contain any thing besides the 
system of crystallii^tlon, or the limits of specific gravity, 
for these likewise would suffice for distinguishing the two 
species. A third species, however, might exist, besides the 
two species above mentioned ; a species wliidi, oir account 
of its natural-historical properties, did belong to the genus 
Emerald, and that species might agree with one or the 
other of these in the above mentioned characteristic^marks. 
In order to assure ourselves that an individual belonging to 
the genus Emerald enters hither within thcb species of the 
prismatic or of the rhombohedral Emerald, their characters 
are made to contain a greater number of marks, whose pro- 
perties leave no doubt, upon tiie supposition of the ind» 
vidual being an Emerald, whether and to which of the two 
species the individual belongs. This arrangement, more- 
over, produces an uniformity in the specific characters, 
which, according to what has been stated above, is one of 
their principal qualities. 

IMie specific characters, therefore, consist chiefly of three 
marks of this kind, which, wherever the quality . of the 
si^ecics would allow, have been given in all ifistances. 
'I'hcse are the crystalline forms (including cleavage), the 
degrees of hardness, and the sjiecific gravity. I’he first 
characteristic mark in the specific character is the system 
of crystallisation. Then follows, together witlf its angles 
(if these be known), the fundamental form, from which all 
the other simple and compound forms of the species may 
be derived. Of rhombohedrons the terminal edge is gi^en ; 
for instance, in rhombohedral Limc-haloide, II = 105° 5' ; 
of an isosceles four-sided pv^ramid, first the terminal edge, 
then the lateral edge ; as in pyramulal Zircon, P =; 12.1° 
19', (14° 20' ; of a scalene four-sided pyramid the obtuse 
terminal edge, the acute terminal edge, .and the lateral 
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edge in succession; IhiiSy in prismatic Topaz, P HI"* 
7', 101 52', 90® 65', &c. . This is observed in every spe- 
cies, where the fundamental form commonly occurs in na- 
ture, and therefore may be often bbserv^d ; or where the^ 
combinations do not present any peculiar character, as the 
hemi- and tetarto-prismatic, or the di-rliombohedral ones, 
&c. If the fundamental form is Ibldom observable, its angles 
are not indicated ; in their stead, fiowever, the characters 
contain the angles of such derived forms, as commonly arc 
to be met with in nature, as in prismatic Hal-baryte 
Pr= 105° 6'; (Pr+ oo)^ s=77® 27'. In every instance re- 
garding horizontal prisms, that angle is given which is con- 
tigpous to the axis of the fundamental form, in vertical 
prisms the angle corresponding to the obtuse terminal edge 
of the func^niental form. If the combinations of a species 
possess a particular character, the Characteristic indicates 
only those dimensions of the •fundamental form, which cor- 
respond to that character, and therefore are immediately 

observable, as in paratomous Augite-spar, L = 120° 0' ; in 

2 

a like manner in rhombohedral Iliior-haloide, 2 (It) = 
131° 14', 111° 20', &c. 

In those forms which assume a hcmi*>prismatic character, 
it is very often the case, that the axis of the fundamental 
form is npt perpendicular upon the base (§. 90.). The in- 
clihs^tion of the axis takes place in a plane tliroiigh the 
axis, and one of the diagonals of the base. This plane bi- 
sects the aftgle produced by those faces of the simple forms, 
which a])pcar in the combination, and which therefore is in- 
dicated tin the designation of the form. Together with 
the*magiiitude of this terminal edge, the angle of incli- 
nation itself is likewise contained in the character. Thus 


in prismatic Azure-malachite 


]p 

2 


= 117® 37'j InclinaiioH 


(of the axis), = 2^ 21'” signifies, that those faces of the 
fundamental form,, which necessarily appear together hi 
the combinations, are contiguous to the shqrt diagonal, and 
meet under angles of 117® 37'; and that the axis of J* 
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includes an angle of 2° 21' in the plane of the short dia- 
gonal with the perpendicular line erected in the centre of 
the base. “ Inclimiion = 0” means, either that there exists 
no incllnation,at all* or that this inclination has not been 
as yet attended to in the present detepnination of the crys- 
talline forms. 

The angle indicated m horizontal prisms that assume 
a hemi-prismatic character, is the one contained between 
the occurring face and the axis, together with the situation 
of the face by means of the signs + and — , agreeably to 

Pr 

§. 1 53. For instance, in paratomous Augite-spar, — s=5 

2 

73® 54', where the sign -t-ds understood. For designating 
vertical prisms in hemi-prismatic combinations, the lateral 
angle is given, which corresponds to that tcyniiial edge of 
the fundamental form, which occurs in the combinations. 

With respect to cleavage the expression “ Cleavage^ 11,” 
for instance, in rhombohedrai Lime-haloide, means, that 
this mineral has its cleava^'e parallel to the faces of a rhom- 
bohedron, similar to the fundamental form of the species ; 
‘‘ Cleavage^ F — oo. P + od. [F + ©s]” in pyramidal Gar- 
net, means, that this mineral has its cleavage parallel to 
the faces of two rectangular prisms, and at the same time 
perpendicular to their axis ; Cleavage^ Fr + qb” in pris- 
matic Chrysolite, indicates, that the cleavage of this mineral 
is parallel to a plane passing at the same time through the 
axis and the short diagonal of the prism P + co ; Clcav^ 
“ age^ (Pr + 05)3 _ Pr + oo. Pr 4- cS” in parato- 

mous Augite-spar, expresses that the individuals of this 
species may be cleaved, first, parallel to the lace® of an gb- 
lique-angular four-sided prism, of the given angles*; and 
secondly, parallel to planes, which pass through the axis 
and both diagonals of the prism P + 09 ; or, what comes«to 
the same, parallel to the laces of a rectangular prism. 

Cleavage is sometimes found to be lieml-prwmlic or 
ietarto-prmnatic. Paratomous Augitd-spar shews an ex- 
ample of the first. The hemi-prismatic faces ofV, express- 



IT., and tTtose of specific expressed by G-, are given 

ill the Characteristic with their limits, or those points be- 
tween which the hardness ^nd the specific gravity of the 
varieties are found to be contained ; observation will very 
seldom yield these limits themselves; and only in such 
cases, where it cannot have any prejudicial influence upon 
ilic determinative process itself. Evidently this must apply 
in a still higher degree to the characters of the orders and the 
genera. Those who make use of the Characteristic, must 
not therefore comjHtrc one character tcifh another^ but they 
have to* compare occurring individuals of the species con- 
lahied in it with these characters. 

Besides these tiirce characteristic terms, the characters 
of some species contain also the indication of several occur- 
rences of colour, more particularly the streak; also the 
lustre^ or the general aspect ; sometimes also the state of 
aggregtation, taste, &c. In most cases they would hare 
been superfluous, had a more accurate knowledge of the 
forms existed. In this particular, we have reason to expect 
a pfreat deal from future and accurate observations, which 
will enable us to keep the characters free from all such 
marks, as do not* allow of a perfectly strict definition. 

The specific characters of ,fluH minerals rerpnre another 



nus Corundum, must be either tessular, or liiiombohedral, 
or prismatic ; and that an individual of the genus Iron-ore 
must yield a streak either red, or brown, or black ; because 
in one and the same individual, two different kinds of thei 
same characteristic property are impossible. In another 
2)lace, an example will be given to shew, that characters 
thus arranged do really convey all possible security ; which 
examtde will at the same time serve to illustrate the use 
of the Characteristic in this respect. 

§. 247 . NO CIIARACTEIllSTIC BEFORE TUB SYSTEM. 

Tlie Characteristic presupposes in its full extent 
the system, to which it refers. 

Ill the natural or synthetic system, or that whose foun- 
dation is the natural-historical similarity, those objects are 
lilaced nearest, which arc connected by the highest degrees 
of resemblance, or which are most similar to each othbr. 
In arranging them, no attention is paid to single properties, 
and perhaps least of all to such as might be useful in the 
distinctive characters. Indeed, the coftfonnity of the differ- 
ent parts of the system would be very soon lost, should wc 
allow such accessory views to be introduced^ First of all, 
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the system, as far as experience allows, must have been 
completed ; then only it becomes possible to compare the 
different homologous unities which it contains, with each 
other, classes with classes, orders ^vith orders, genera with 
genera, species with species, in order^o discover the charac^ 
teristic marks in*^ which they differ, and from which their 
characters must be formed. 

Hence our mode of considering' the Characteristic in the 
natural system will only then be correct, if we keep in 
init^jLl that the order, the genus, &c. is not produced and 
determined by the character, but that the character de- 
pends upon the order, the genus, &c. Scias charactcrcm non 
consiiluere Genus^ sed Genus ch{iractercm, Characterem non cssc 
ul Genus fiat^ sed ut Genus noscatur, Linn, riiil. Bot. 160. 
We must notj therefore, look for the reasons for which the 
unities of* the system have been adopted and determined, 
in these characters, from w^ich they never can be deduced, 
because they consist solely in the relations of natural-his- 
torical similarity, by which the objects either approach to, 
or recede from each other, a matter brought to full evi- 
dence in the preceding paragraphs. The only object of the 
Characteristic is to collect with facility the individuals oc- 
curring in nature, under the ideas of the system. This is 
ellected without regard to any thing, except the distinctive 
characters. The idea of the species, or of any higher uni- 
ty does not come into consideration, since in general the 
Characteristic has nothing to do with the developemcnt or 
establishAient of general ideas, which belongs to the 
Theory of the System. Here we do not ask, which pro- 
pertie£i are peculiar to the bodies, but only what are the 
prbperties in which they differ. The characters of a spe- 
cies, or of. any other of the systematic unities, must not be 
considered as defective or erroneous, if they should not con- 
tain so many characteristic marks as are necessary for ex- 
citing the idea of the species ; for this is not its object, and 
belongs to the General Description. Every character is’ 
perfect,* which affords a general distinction within its 
sphere, and thus attains its object. It would be an error to 
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collect in it superfluous marks, which arc of no use in the 
process of distinguishing individuals. 

Thus it appears that the Characteristic presupposes the 
existence of tjic system to its full extent, its only object 
being to distinguish minerals occurring in nature, while 
that of the Theory of the System is to produce the syste- 
matic ideas agreeably to the principle of natural-histo- 
rical resemblance with consistency. Both of them must 
keep strictly in their peculiar course, and will then become 
the more useful as departments of the science ; by these 
properties, the Characteristic will become the link between 
the systematic ideas and the systematic names and deno- 
minations, while both the* Characteristic and Theory of 
the System will produce the connexion between the na- 
tural-historical properties ar/d the same systematic names 
and denominations. 

§. 248 . BASE OF A PERFECT CHAJIACTERISTIC. 

The perfection of the Characteristic depends 
upon the perfection and accuracy of our natural- 
historical knowledge of natural productions. 

The truth of this proposition, in regard to tl»e Charac- 
teristic of both natural and artificial systems, is so very 
evident, that it would be superfluous to add any explana- 
tory remarks. But ns a consequence of this ti\ith, we may 
mention, that the most useful, or rather the only means of 
bringing the Chai’acteristic nearer perfection, consists 
the continued study, and in the accurate investigatSon of 
nature. The more we inquire into the nature of bodies, 
and the more our knowledge becomes accurate and exten- 
sive, the more the ideas of the system will advance towards 
purity and correctness, and afford in proportion a higher 
degree of facility and certainty to tlfc process of distin- 
guishing them from one another by means of tlie Charac- 
teristic. The want of an accurate knowledfje is still per- 
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ccptible in man^’^ of the iiidtcatloiis of forms, which in many 
species are either not cletermined at all, or at least nut to a 
sdiHcient degree of accuracy. From such imperfect infor- 
mation, the greater part of the difficulties derive, which we 
liave to encounter in the construction and application of 
the Characteristic. This has no doubt been one of the 
reasons which has deterred naturalists from following that 
path in Mineralogy which has been found the right one in 
Botany and Zoology, and they have considered according- 
ly as impracticable, every attempt towards the construction 
of a Characteristic. It is too soon as yet to expect it to 
be perfect ; yet it is not too soon to make the first step, 
apd the science itself requires that it should be done, in 
order to obtain in its regular scientific form the third, 
and not ^east important p^rt of Natural History, that of 
the Mineral Kingdom. The imperfections of the Cha- 
racteristic appear more strikingly in the first class than 
in the second, or even in the third ; but in that class 
we know so very little of the natural-historical properties 
of the bodies w^hich it contains, that it has been introdu- 
ced, almost entirely for the sake of cxh’ihttinff with some de- 
gree of completeness, what the Characteristic should con- 
tain. Thus also, the sy^stcmatic nomenclature, which is 
always in proportion to our knowledge of the objects them- 
selves, is here more imperfect than in any other part of the 
system. It is to be expected, however, from the progi*css 
already made, that these difficulties will entirely disappear ; 
and this Vill take place the sooner, the more we convince 
ourselves that in order to remove those which are still re- 
maining, we are not compelled to recur to foreign assist - 
ait'ce, a process by which the jiurity of the principles 
of Natural History would bo entirely sacrificed ; and yet 
this purity has been the only source from which flows 
even that little, which has as yet been effected. 
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§. 2i9. USE OF THE CIlAllACTEEISTIC. 

The use of the Characteristic is the same in Mi- 
neralogy as in Zoology and Botany. 

It will be useful to giv^ a short explanation of the pro- 
cess used in the deterpiination of minerals. 

If a mineral is to be determined, first its Formy if this 
be regular, must be ascertained, at least as far as to know 
the system to which it belongs. Then Hardness am? SjjecU 
Jic Gravity must be tried with proper accuracy, and express- 
ed in numbers. It is sufficient, however, to know the lat- 
ter to one or two decimals.* The specific character rctfnircs 
these data ; they are also of use in the characters of the 
classes, orders, and genera. ‘After this exaraination, the 
Characteristic may be applied, and it will at the same time 
point out what other characters are still wanting ; so that 
a mere inspection of the mineral, or a, very easy experi- 
ment, as, for instance, to try the streak ui)on a file, or still 
better, upon a plate of porcelain biscuit, will very often be 
sufficient. The given individual is no\v carried through 
the subordinate characters of the classes, orders, genera, 
and sjiecies, one after the other, comparing its projicrties 
with the characteristic marks contained in the chift-acters of 
these systematic unities. T'rom their agreeAicnt with 
some, and their difference from other characters, we in- 
fer, that the individual belongs to one of tlip classes, to 
one of the orders, to one of the genera, and to one of the 
species. Having advanced in this manner to the character 
of the species, it will in some instances be necessary, aild 
in all cases advisable, for the sake' of certainty (§. 24G.), to 
have recourse to the dimensions of the forms. This is 
particularly necessary, if the genus, to which the mineral 
belongs, contain several species having forms of the same 
system, as is the case in the genus Augjite-spar. The com- 
mon goniometer in most cases will suffice for d<itermining 
the dimensions of the forms, the dlflercnces in the angles 
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being in general so great, that they cannot easily be miss- 
ed, even by the application of -this instrument. If the 
clifierences be small, and their distinction require on that 
account a higher degree of accuracy, it will be necessary tq 
recur to the reflective goniometer. 

It will seldom be necessary to read over the whole of any 
character of a chiss, order, genus, or species, excepting 
those which comprise the Individual ; one term that does 
not agree sufficing for its exclusion. Thus even the cha- 
racters of the orders, though the longest, will not be found 
troublesome. 

The application of the Characteristic has beefi facilitated 
iiva great measure by separating the absolute characteristic 
marks from the conditioned ones. It becomes still more 
easy and expedititious, by «taking particular notice of some 
characters, which might be iermeii prominent. Such are a 
metallic appearance; a high degi'ee of specific gravity, 
particularly if the appearance be not metallic ; and a high 
degree of hardness. The observation of these will imme- 
diately decide whether an individual can belong to any 
particular class, order, genus, or species. I| is understood, 
that if it be not thereby excluded, the otlier characters 
must next be examined, till either an excluding one be 
found,< or if not, the individual may be considered as be- 
lQnging»'to that class, order, &c. with which it has been 
compared and found to agree. 

§. 250 . DEf EBMITJATION OF INDIVIDUALS, BY MEANS 
• OF THE CHAKACTEEISTIC. EXAMPLE. 

Ah iDdividual, which has been carried through 
the characters of the classes, orders, genera and spe- 
cies, and whose systematic denomination has thus 
been found, is said to have been determined. The 
determination is vomplete^ if the individual has been 
traced to a species; it is incomplete^ if it has only 
been bronglit under a certain order or genus. 
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It is not difficult to arrive in this way at the determina-i 
tion of an individual, provided those properties can be as- 
certained, which the complete determination requires. The 
determination will be defective only in consequence of the 
impossibility bf observing at all) or at least with sufficient 
accuracy, one or more of the characteristic marks in the 
mineraL 

In illustration of tfiis, let us take the following example. 
Ijet the form of the mineral which is to be determined, be a 
combination of a scalene eight-sided pyramid, of an isosceles 
four-sided pyramid, and of a rectangular four-sided prism ; 
the cleavage parallel to the faces of two rectangular four- 
sided prisms, in diagonal |;osition to each other ; form and 
cleavage therefore pyramidal^ or belonging to the pyramidal 
system. Let Hardness be 6*5 ; Specific Gravity = 6*9. 

In this case, both hardness and specific gravity are pro- 
minent characters, and ex^ude the individual at once from 
the first and third, but not from the second class : with 
the characters of this class, its other properties also perfectly 
agree. Hence the individual belongs to the second class. 

Comparing the properties of the individual with the cha- 
racters of the orders in the second class ; hardness and spe- 
cific gravity will be found too great for the order Haloidc ; 
hardness too great for the orders Baryte and Kerate ; both 
of them too great for the orders IV^achite^ and Mica; 
and specific gravity too great for the orders Spar and ’Gem. 
But in the character of the order Ore, both hardness and 
specific gravity fall between the fixed limits, and cannot 
exclude the individual from this order. The other parts of 
this character are now to be taken into consideraticvi- If the 
appearance of the individual be metallic, its colouf must 
be black, otherwise it cannot belong to the o^der Ore. But 
the appearance is not metallic ; therefore the colour ofjthe 
individual is quite indifferent ; that is, this conditional cha- 
racteristic mark does not affect the individual, and conse- 
quently cannot decide. Since the i^pearance is not me- 
tallic, the individual must exhibit adamantine hr imperfect 
metallic lustre. The first will be found, particularly in the 
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fracture. The following characteristic marks refer to mi- 
nerals of a red, yellow, brown, or black streak ; and as the 
individual gives none of these, its streak being uncoloured, 
these characteristic marks do not ctme into consideration. 
The next mark requires, that if hardness tie = 4*5 and less,' 
the streak should' be yellow, red or black ; but hardness 
is = 0*5, therefore th,e colour oi the streak indifferent. If 
hardness be = C*5 and more, and Streak uncoloured ; then 
specific gravity must be = C*5 and more. Now this condi- 
tion stakes place; hardness is = G*5 ; streak is uncoloured. 
But also the conditioned character takes place, specific 
gravity being = 6*9, which is greater than 6*5. 

In regard to the individual, which is to be determined, 
all the characteristic marks constituting the Character of 
the order Ore, may be divided into two parts. The first 
part contains those which refer to the individual ; the se- 
cond those which do not ; the last evidently cannot be de- 
cisive. But with the first, all the properties of the indi- 
vidual concur. 'These properties agree consequently with 
the whole character of the order, as far as it is applicable 
to the individual, and determine it to belong to the order 
Ore, or, in shorter terms, to be an Orr, 

It will be advisable to beginners, who do not yet possess a 
sufficiqiit practice in the use of the Characteristic, also to 
compare the characters of the remaining orders, which will 
enable them to find out any error they might have com- 
mitted in the comparison of the individual with the charac- 
ters of fne preceding orders. In the present case, the 
non-metallic appearance excludes the individual from the 
orders Metal, Pyrites and Glance ; hardness from the order 
Blende ; and both hardness and specific gravity from the 
order Sulphur. This fully confirms the above determina- 
tion, and we must now return to the order Ore for com- 
paring the properties of the individual with the generic 
characters which the order contains. 

Considering again hardness and specific gravity as pro- 
mihent, the individual will be immediately excluded from 
the gener^. Titanium-ore, Zinc-ore, and Copper-ore, but 
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not from tlic genus Tin~on\ The form of the pyramulal 
system, and the uncoloured streak, shew that it belongs to 
this genus. If we compare the Individual with the remain- 
ing generic characters, wc tind that it is excluded from the 
genus Scheclium-orc by its too great hardness, and too 
little specific gravity ; from the genera Tantalum-ore, Ura- 
nium-ore, Cerium-ore, *Chrome-ore, Iron-ore, and Man- 
ganese-ore, by hanfness and specific gravity, both of 
them being too great; as also by its uncolourcd streak, 
which only agrees with that genus from which thp indivi- 
dual differs most by its hardness and specific gravity. From 
all this wo infer that the individual cannot belong to any 
otlier than to the fourth genus, and that wc are therefore 
entitled to give it tlio name of Tin^orc. 

This genus contains but one species. The conclusion that 
the individual must belong to this species, might never- 
Iholcss be erroneous. Thore could exist a second species of 
this genus. Hence wc must accurately consider the di- 
mensions of tJic forms. If these coincide with the angles 
given in the character, the highest degree of certainty, that 
the individual belongs to or is pyramidal Tin^orc^ will be 
obtained. 

The perfect determination of an individual depends, as the 
above example has shewn, upon the possibility^of correct- 
ly ascertaining those three properties ; viz. fprm, includ- 
ing cleavage ; hardness ; and specific gravity. If* one or 
the other of these characteristic marks be wanting, the dc- 
termination will remain incomplete. It doe^ not, however, 
become prejudicial to the method, that minerals of ihis 
kind cannot thoroughly be determined by its <issistapce- 
It is exactly the same in the other parts of Natural His- 
tory, in Zoology and Botany. The characteristic proper- 
ties must be completely observable, otherwise a complete 
determination will be impossible. In Mineralogy the 
Characteristic affords sometimes more : it leads to a cor- 
rect determination, even if the knowledge of the forms re- 
mains imperfect, or if’ it is entirely wanting. * But such a 
determination Avants evidence (§. and for this reason 
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it will be a useful rule for beginners to occupy tbeniselve.s 
at first with the determination of such individuals as pre* 
sent properties, which may be easily and fully investigated. 
The rest will come of itself, when iheir knowledge of the 
Mineral Kingdom, and particularly of the properties ot* 
minerals, increases, and when they have, by experience, 
acquired the skill to judge propbrly of form and cleavage, 
at least so far as is necessary for the determination of the 
system of crystallisation, even in those cases where form 
and pleavage are somewhat diilicult to be observed. This 
exercise is particularly recommendable to every person 
who intends to acquire a satisfactory knowledge of mine- 
rals, with the help of the Characteristic. 

§. 251 . IMMEDIATE AND MEDIATE DETEEMINA- 
TION. EXAMPLE. 

If a mineral can be deterrained without the help 
or intervention of one or of several other minerals, 
the determination is said to be an immediate one. 
If, on the contrary, we must employ one or several 
other minerals for this purpose, we only obtain a 
mediate determination. 

The immediate determination has been explained and 
illustrated by an example in §. 250. An example will 
likewise t^^ useful in the mediate determination. 

The variety of hcmi-prismatic Augite-spar, which has 
received the name of Amiantus, occurs in such very delicate 
crystals, that even supposing they should be regular, their 
form coulcl not be observed, even through the most power- 
ful magniQring instruments : it is the same with cleavage. 
The crystals are flexible, like fibres of flax, their hardness 
accordingly not to be ascertained. Their surface is so large 
compared to their»bulk, that wherever they may be placed in 
water, br in another liquid, they neither sink nor rise ! 
although their specific gravity is not inconsiderable ; but 
w-e have no means to ascertain it. However, there are va- 
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riclies, Ibr tlic rc.st exactly agreeing with. Ainlantus, iu 
which the crystalline filiinieiits arc somewhat coarser. They 
are no longer tlcxibk*, but still too weak to stand the ex- 
periment of detenu ining their hardness. Others are still 
thicker : we may discern traces of their regular structure ; 
yet on account of theiij; minuteness, we cannot apply the 
goniometer for taklpg their dimensions. They sink in 
water, scratch prismatoidal Gypsum-haloidc, but they 
lose their coherence, if we try to pass them over a face of 
rhombohedral Lime-haloide. At last wc meet ^ith va- 
rieties, whose form and cleavage are more apparent 
and observable, whose specific gravity is about three times 
that of water, and the liardness between 5*0 ami 0*0. 
These allow of an immediate determination, and will be 
placed by that process within the species of hemi-prismatic 
Augite-spar. The mode of reasoning applied here will be 
the following. 1 he variety preceding the last is the same 
as that which has been determined ; thnse immediately pre.) 
ceding are again the same as the one immediately preceding 
the last ; and thus we finally arrive at the Amiantus itself. 
The determination of this mineral is effected by the assist- 
ance of a greater or less number of varieties, interposed be- 
tween one that is immediately determined, and another 
which cannot be detcrniiiicd immediately ; the ilicthod em- 
ployed is therefore that of the Mediate Dctcrmuiation. ■ The 
more general our knowledge of the productions of the ]Mi- 
neral Kingdom, the greater facility we shall.cxperieiicc in 
the mediate determination. Through this means, a great 
number of minerals may be determined, and reduced to tlieir 
respective species, which could never have been ascejrtaihcd 
by immediate determination. The mediate determination 
has Indeed been hitherto very often a2)plied, though it was not 
clearly reduced or brought in connexion with the immediate 
determination, upon which nevertheless both the correctness 
and certainty of the mediate determination depends. The 
mediate determination is peculiar to, and intirfnateJy con- 
nected with, the natural-historical method of IMincralogy ; 
hence wc nray infer, that nothing can cscapc*lhis, which may 
be detonniiied by any other inclljod. 
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§. 25% BASE OF THE MEDIATE UETEEMINATION. 

The mediate determination entirely depends upon 
the transitions in the series of characters (§. 

The mediate determination \fi effected by a series or con- 
catenation of varieties, whose terminal member on one side 
is immediately determinable. This series of varieties is 
produced by the gradation in the differences of their pro- 
perties, which likewise represent members of connected sc- 
ries, as it has been amply demonstrated above. But in 
these series we observe the transitions ; and thus they 
a]>pear as the base upon whidi the mediate determination 
is founded. 

The transitions must always be employed with the neces- 
sary precautions, as mentioned in §. 22 1 . But upon this sup- 
position, the mediate determination is elfectcd with a secu- 
rity by no means inferior to that of the immediate deter- 
mination, with which it is in the closest connexion. Mi- 
neralogy is not the only part of Natural History which 
makes use of the mediate determination. It is necessary 
also in Zoology and Botany, in both of which it is em- 
ployed; yet it does not occur so frequently in these 
science^, because the individuals of the organic kingdoms 
do not ednstitute compound masses ; the only case excepted 
if tlie individual to be determined has not yet arrived at 
the state qf greatest jicrfection. In that case the botanist 
compares a plant, which is not in llower, with another 
'which presents the perfect flower, and with other in- 
*div/duMs, representing intermediate stages of cfllores- 
cence, between the perfect immediately determinable plant, 
and that which he wants to determine, in perfect agree- 
ment with the rules developed above ; and lie knows by 
experience how far he may extend this conijiarison, in or- 
der to obtain resuj^ts, upon the accuracy of which lie may 
rely. 
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CHARACTERS OF THE CLASSES. 
CLASS I. 

G. under 3-8. 

No bituminous odour. 

Solid : taste. 

CLASS II. 

G. above 1'8. 

Tasteless. 


CLASS IH. 

G. under 1-8. 

Fluid : bituminous odour. 
Solid : no taste. 
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CHARACTERS OF THE ORDERS. 
CHABACTEBS OF THE OBDEBS OF CLASS I. 

1. Obdeu. GAS. 

G. = 0-0001 ... 0 0014. 

Expansible. 

Not acid. 


II. Order. .WATEK. 

G. =£ 1-0. 

Liquid. 

Without odour or taste. 

III. Order. ACID. 

G. z= 0 0016 ... 3-7. 
•Acid. 


IV. Order. SALT. 

G. = 1-2 ... 2-9. 

Solid. 

Not acid. 
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CHAaA.CTEJlS OF. THE ORDERS OP CLASS II. 


I. OflDEii. IIALOIDE. 


Non-mctallic. 

Streak uncoloured. 

H. = 1-5 ... 5*0. 

G. = 2*2 ... 3*3. 

Pyramidal or prismatic : H. = 4 0 and less, 

cleavage imperfect, in oblique directions. 

Tessular : H. = 4*0. 

Cleavage monotomous, eminent : G. = 2*4 
and less. 

H. under 2-5 : G. = 2*4 and less. 

G. = 2*4 and less : II. under 2*5, no re- 
sinous lustre. 
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H Oedeb. BABYTE. 


Noii'mctallic. 

Streak uncoloured or orange*ycllow. 

H. = 2-5 ... 50. 

G. =’3-3 ... 7-3. 

Cleavage monotomous : G. =: 4*0 and less; 
or = 5*0 and more. 

Lustre adamantine or imperfect metallic : 
= 5*0 and more. 

Streak orange-yellow ; G. =s 6*0 and more. 
H. = 5*0 : G. under 4*5. 

G. under 4*0 ; and H. = 5*0 : cleavage di- 
prismatic. 


III. Obdeb. KEBATE. 

Non-metallic. 

Streak uncoloured. 

Qlcavage not monotomous, not perfect peritomous. 
H". =: 1-0 ... 20. 

G. above 5*5. 
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IV. Oedeb. malachite. 
Non-mctallic. 

Colour blue, green, brown. ' 

Cleavage not monotomous. 

H. = 20 ... 5-0. 

G. = 2 0 ... 4-6. 

Colour or streak brown : H. = 3 0 and less, 

G. above 2-5. 

Streak blue : H. = 4*0 and less. 

Streak uncoloured : G. = 2-2 and less, 

H. under 3’0. 


V. Obdee. mica. 

Cleavage monotomous, eminent 
H. = 10 ... 4-5. 

G. = 1-8 ... 3-2. 

Metallic : G. under 2-2. 
Non.metallic : G. above 2 2. 

H. = 3-0 and more : rhombolicdraV. 
G. under 2-5 : metallic. 



VI. ()111>ER. SPAR. 


Non-mctallic. 

Streak uncoloured ... brown, blue. 

II. = ... 70. 

G. = f20 ... y-7. 

Tcssular : G. == 3*P and less. 

llhoiiibohcdral : G. = 2-2 and less ; or H. 
=5 C O. 

II. = 4 0 and less : cleavage monotoinoiis, 
eminent. 

II. above' G O : pearly lustre ; G. under 2*5 
or above 2-8. 

G. above 3*3 : forms hemi- or tetarto-pris- 
inatic; or H. G'O; no adamantine 
.lustre. 

G.':i= 2-4 and less : not without traces of 
form and cleavage. 
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VII. Order. GKM. 


Mon-metallic. 

No metallic adamantine lustre. 

Streak uncolourcd. 

II. = 5-5 ... 100. 

G. = 1-9 ... 4 7. 

H. = 6*0 and less : tessniar, G. *= 3*1 
and more ; or G. = 2*4 and less, and no 
traces of form nnd cleavage. 

G. under 8*8 : no pearly lustre inxin Jaces 
of cleavage. 

VIII. Order. OUI; 

No green streak. 

II. = 2-5 ... 7*0. 

G. z= 3-4 ... 7*4. 

Metallic : colour black. 

Non-metallic : lustre adamantine^ or imper- 
fect metallic. 

Streak yellow or red : H = 3*5 and more, 
G = 4*8 and more. 

Streak brown or black : H. = 5*0 aftd pioi'c ; 
or cleavage monotomous. 

H. = 4-5 and less : streak yellow, red or 
black. 

H. = 6*5 and more, and streak uncolourcd : 
G. = C*5 and more. 
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IX. Ordeb. metal. 


Metallic. 

Colour not black. 

H.= 00... 50. 

G. = 6-7 ... 200. 

Colour grey : malleable, G. = 74 and 
more. 

H. above 4*0 : malleable. 


. X. Order. PYRITES. 

Metallic. 

‘H. = 3 0 ... 6-5. 

G. = 4*1 ... 7-7. 

H. = 4-5 and less : G. under 5‘3. 

G. = 5‘3 and less : colour yellow or red. 


XL Order. GLANCE. 


Metallic. 

Colour grey, black. 

H: 1-0 ... 4 0. 

G. = 4-2 ... 7-6. 

Cleavage monotomous ; G. being under 5-0 : 
colour lead-grey. 

G. above .7'4 : colour lead-grey. 
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ill. Order. BLENDE. 

Streak green, red, brovhi, uncoloured. 

H. = 1-0 ... 40. 

G. = 3-9 ... 8-3. 

Metallic : eolour black. 

Non-metallic : lustre adamantine. 

Streak green : colour black. 

Streak brown ... uncolourcd : G. between 
4*0 and 4’2, form tessular. 

Streak red : H»= 3*5 and less. 

G. z= 4-3 and more : streajc red. 


XIII. ORDEr SULPHUR. 
Non-metallic. 

Colour yellow, red, brown. 

Prismatic. 

H. = 10 ... 3-5. 

G. = 1-9 ... 3-6. 

Cleavage monotomous : G. = 3*4andmQ9e. 
G. above 3*1 : streak yellow or red. 
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L Order. RESIN. 


II. = 00 ... 2-6. 

G. = 0-7 ... 1-6. 

f 

G. = 1*2 and more : streak uncolourcd. 


,11. Order. COAL. 

Streak brown, black. 

H. = 1*0 ... 2*5. 

G. = 1*2 ... 1*5. 
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CHARACTERS 

pP THE 

GENERA AND SPECIES 

OF THE 

ORDERS OF CLASS I. 


I. Order. GAS. 

I. Hydrogen-Gas. Odour. 

G. = 0 0001 ... 0-0014. 

1. Pure. Odour of hydrogen. 

G. = 000012. 

Pure HydroQcn^Gas. Jameson. "^oL ii. p. I7. 

2. Empyreumatic. Empyreumatic odour. 

G. = 0*0008. 

Empyrcumatic Ilydrogcn^Gas, J. ii. 18. 

3. Sulphurous. Odour of putrid eggs. 

G. = 000135. 

Sulphuretted Hydrogcn^Gas, J. ii. 19. 

4. Phosphorous. Odour of putrid fish. 

G. unknown. 

Phosphnrctted Hydrogen-Gas, J. ii. 19. 

II. Atmospheric-Gas. Without odour or sapidity. 

G. = 0 001 ... 00016. 

2 c 


VOI-. I. 
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1. Pure. As above. 

Pure Aijnosplicric^Air, J. 


ii. 20. 


II. OfiCER. WATER. 

I. Atmospheric-Water. Without odour or 

« 

sapidity. 

L rus£< Aa above* 

Water. ii. 21. 


III. Order. ACID. 

I. Carbonic- Acid. Taste slightly acid. 

G. = 00018. 

1. Gaseous. Expansible. 

Taste acidulous, pungent. 

Airiform, Carbonic Acid. J. ii. 22. 

II. MuRiA'ric-AciD. Odour pungent. 

Taste strongly acid. 

6. = 0-0023. 

1. Gaseous. Expansible. 

Odour pungent. 

Aeriform Muriatic Add, J. ii. 23. 

III. SoLfHURIC-AciD. 

G. = 0-0025 ... 1-9. 



ORDER IV. 


GENERA AND SPECIES. 


403 


Expansible : odour sulphurous. 

Liquid : taste strongly acid. 

1. Gaseous. Eximnsible. 

G. = 0*0028. 

Atrvform Snlj^Jiuric Acid* J. 28. 

2. LiauiD. Liqivd. 

G. = 1-8 ... 1-9. 

Liquid Suljdiiiric Acid* J. 24. 

IV. Boracic-Acid. Solid. 

G. = ... 1:6. 

1. Prismatic. Prismatic. 

Taste acidulous, afterwards bitter aud cooling, last!/ 
sweetish. 

G. = 1*4 ... 1-5. 

SassoUnc* 

V. Arsenic-Acid. Solid. 

G. above 3*0. 

1. Octahedral. Tessular. 

Cleavage, octahedron. 

Taste sweetish astringent. 

11. = 1-5. 

G. = 3-6 ... 3*7. 

Octahedral Arsenic^Acid, J. 


ii. ^J5. 


li. 20. 


IV. Order. SALT. 

I. Natron-Salt. Prismatic. 

Taste pungent, alcalinc. 

H. = 10 ... 1-5. 

G. = 1-4 ... 1-6. 
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1. IIemi-I’rismatic. Hemi-prismatic. 


r_==79’4r. In- 

O 


clination = 3“ 0^ 
Cleavage, if = 58° 62'. 

2 t 

(Pr +co)3 = 76'’ 28'. 
H. = 10 ... 1-5. 

G. = 1-4 ... 1-5. 

Prismatic Natron, J. 


Less distinct, Pr + oo and » 


ii. 27. 


2. Prismatic. Prismatic. Pr = 83“^ 50', (Pr -f os)* s=3 
107^* 50'. 

Cleavage, Pr + oo, very indistinct. 

• H. = 1-6. 

• G. = 1*5 ... 1-6. 

PS ismatic Natron, .V. ii. 29. 


II. Glauber-Salt. Prismatic. 

Taste cool, then saline and bitter, weak. 

H. = 1-5 ... 2 0. 

G. = 1-4 ... I S. 

iS 

1. pRisiiATic. Hemi-prismatic. ~ = OS'* 12'. Incli- 
, nation =s 14® 41'. 

Pr 

Cleavage, Pr + oo, perfect. Traces of — . = 72 ® 15'. 

c 2 

nd of Pr + 00 . 

Prismatic GUuher-SaU, J. ii. 31. 


III. NiteE'^Salt. Prismatic. 

Taste saUnc, cool. 

H. = go. 

G. = 1-9 g-O. 

1. l-..,»SMATic. Prismatic. P=. 132" 22', 01 “IS', 107° 43'. 
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Cleavage, P + eo ss 120°. Somewhat more distinct 
f r + «. 

Nitre. ii. 34. 

[V. Rock-Salt. Tessular. 

Taste saline. 

H. ;= 2 0. * 

G. = 2-2 ... 2-3. 

1. IIexaiiedral. Tessular. 

Cleavage, hexahedron. 

IIexaiiedral liock-SalL J. ii. 3C. , 

V. Ammoniac-Salt, tessular. 

Taste saline, pungent. 

H. = 1-5 ... 2 0. 

G. = 1-5 ... 1-6. 

1. Octahedral. Tessular. 

Cleavage, octahedron. 

Octahedral Sal Ammoniac. J. ii. 39. 

VI. Viteiol-Salt. Prismatic. 

Taste astringent. 

H. = 2 0 ... 2-5. 

G. = 1-8 ... 2-3. 

|S • 

1. Hemi-Prismatic. Hemi-prismatic. — = *101° 35^. 

2 

Inclination = 14° 20'. 

Cleavage, P — oo. Somewhat less distinct, P +* od = 

82° 21'. Inclination of P — oo on P + oo =99° 23'. 
Colour green. 

H. = 20. 

G. = 1-8 ... 1-9. 

Green VUriol. J. ii. 41 



406 


CIIAIIACTEKISTIC 


CLASS I. 


2. XETAaTO-PRiSMATic. Tctaito-prismatic. 

Cleavage, two faces, one of them more apparent; both 
indistinct. Inclination r= 124° 2'. 

Colour blue. 

H. = 2-5. 

G. = 2-2 ... 2-3. 

Blue Vitriol, .1. ii. 44. 

3. Prismatic. Prismatic. P + oo = 90° 42'. 

Cleavage, Pr 4- oo, perfect. 

C61our white. 

H. = 2 0 ... 2-5. 

G. = 2 0 ... 2-1. 

White Vitriol, J. ii. 40. 

VII. EpsomjSalt. Prismatic. 

Taste saline, bitter. 

H. = 2-0 ... 2-5. 

G. = 1-7 !.. 1-8. 

1. Prismatic. Prismatic. P + oo = 90° 38'. 

Cleavage, f’r 4- cs, perfect. 

PrhmaOc Epsom Salt, J. ii. 48. 

VIII. Ai.tfM-SAi.T. Tcssular. 

Taste sweetish, astringent. 

H. = 20 ... 2-5. 

G. =‘l-7 ... 1-8. 

1*. .OcTAliEDKAL. Tessular. 

Cleavage, octahedron. 

Alim. u. 50. 

IX. Borax-Salt. Prismatic. 

Taste sweetish, feebly alcaliue. 

H. = 2 0 2-5. 

G. = VT ... 1-8. 
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•ft 

1. Prismatic. Ilemi-prismatic. — = 120° 23'. Incli- 

2 

nation :;= 0. 

Cleava^, (Pr + oo)® = 80° 9'. Somewhat more dis- 
tinct, Pr + 00 . 

Borax. ii. 52. 


X. Brituynk-Salt. Prismatic. 

Taste saline, feebly astringent. 

H. = 2-5 ... 30. 

G. = 2*75... m. 

1. Prismatic. Ilemi-prismatic. _ = J20°22^ Incli- 
nation = 22° 49'. 

Cleavage, P — oo, perfect. Traces of P + co = 80® 6'. 
Inclination of P — oo on P + oo s; 104° 28'. 


Glauhcrltc. 

ii. p. Sim 

BlocdUe. 

iii. 79. 

Masais^ninc. 

iii. 125. 

Nil raid of Soda ^ of Chemists. 

iii. 132. 

FohjhaUte, 

iii. 141. 

Sulphate of Cobalt. Chcni. 

in. 145. 

Sulphate of Potash, Cheni. 

iii. 159. 

Trona. 

iii. 164. 
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ORDERS OF CLASS II. 


I. OiiHER. HALOIDE. 

I. Gypsum-Hai.oidh. Prismatic, 

H. = 1*5 ... 3-5. 

G. = 2-2 ... 30. 

G, above 2-5 : cleavage in three direc- 
tions, perpendicular to each other, one 
of them being less distinct. 

• 

1.^ PiiiSMATOiDAL. Hemi-prlsmatic. — =sl43®62\ In, 
•' 2 
*'clination *= 9° 11'. 

w Pr 

Cleavage; Tr + oo, perfect and eminent. — 66 '* 

2 

52'. Pr + 03. 

H. = 1-5 ... 2-0. 

Cl. = 2-2 ... 2'4» 

Cwtfimim. ii. 57. 
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2. PiusNATic. Prismatic. P =. 121° 32', 108° 35', 09° 7'- 
Cleavage, Pr + os. Pr + os. Less distinct, P — os. 

Traces of P + os = 100° 8'. 

H. = 3 0,... 3-5.* 

G. = 2-7’... 3 0. 

Anhydrite. ii. 62. 

II. Cbyone-Haloide. Prismatic. 

Cleavage in three directions, perpendicular 
to each other, one of them being* more 
distinct. 

H. = 2-5 ... 3-0.. 

G. = 2-9 ... 3-0. 

1, Piiis^iATic. Prismatic. 

Cleavage, P — oa. I^ess distinct, Pr 4- oc, Pr + oa 
Traces of P. 

Cryolite, ii. C6.* 

III. Alum-Haloide. Bhombohcdral. 

H. = 50. 

G. = 2-5 ... 2-8. 

1. Rhomboiiedral. Rhombohcdral. 11 = 92® JO'. 
Cleavage, 11 — so. I^css distinct, 11. 

Rhornhoidal Aluinsione, J. ii. d?. 

IV. Fluor-Haloide. Tessular, rhombohedral| 

H. = 4 0 ... 5 0. 

G. r=: 3*0 ... 3*8. 

Rhombohcdral : cleavage peritomous. 

1. Octahedral. Tessular. 

Cleavage, octahedron. 

JI. = 4*0. 

G. = 3*0 ... 3*3. 

Fluor, ii. 99. 
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2. ]liio>MnonEDRAL. Di-rhombohcdral. P = 142® 20', 
80^ 25', (P 4- ii)*” hemi-di-rhomboheclral with pa- 
rallel faces. 

Clcava^Te, R — oo, P + op. 

H. = 5 0. . 

G. = 3 0 ... 3*3. 

Apatite. ii. 73* 


V. Lime-ITaloide. Ilhoinbohedral, prismatic. 

Cleavage, rhombohedral and paratomous, or 
prismatoidal. 

II. = 3 0... 4-5. 

G. = 2-5 ... 3-2.. 

li. above 4*0 : G. = 2*8 and more, 

G. = 2*9 and m*ore : H. = 3*5 and more. 

1. Prismatic. Prismatic. P=s 112® 30', 03® 33', 123® 34'. 

Cleavage, Pr ~ 1 = 108® 8'. (Pr,^ co)^ = C3°‘ 44'. 

JMorc distinct Pr + oo. 

II. = 3-5 ... 4 0. 

G. = 2 0 ... 3-0. 

Anagonitc, ii. 70. 

2. Kiic)]\Iroii£ 1 )RAL. Ilhoinbohedral. Jl = 105® 5'. 

* Cleavage, 11. 

II. ==,30. 

G. = 2*5 ... 2-3. 

Ithomhoiihd L'nncxtonc. J. ii. 83. 

• 

3. Macrotypous. lihonibohedral. R = 106® 15'. 

Cleavage, R. 

II. = 3-5 ... 4 0. 

G. = 2-8 ... 2 05. 

Dolomite. ii. 03. 

4. Brachytypol*s. Rhombohedral. R = 107® 22'. 

Cleavage, R. 
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H. = 4 0 ... 4-6. 
G. = 3-0 ... 3-2. 


Breunnerite, 

ii. 96« 

Paratomous. llhomboliedraL 

U = ICC^ 12'. 

Cleavage, R. 


H. = 3-5 ... 4 0. 


G. = 2*95 ... 3*1! 


A nice rite. 

ii. 100. 

Child renite 

ill. 85. 

FlucUitc, 

iii. 101. 

Ilopcitc, 

iii.* 109. 

Ala^nesite, 

iii., 121. 

RharmacoUte ? 

iii. 135. 

Rosdite, 

iii. 147. 

WavelUtc, 

iii. 169. 


II. Obdeb. baryte. 

I. Pahacuuose-Babyte. Rhombolicdral. 

Cleavage paratomous. 

H. = 3-5 ...4*5. 

G. = 3-3 ... 3-9. 

1. IJiiAciiYTYPous. llhomboliedraL R = 107° O'. 

Cleavage, R. 

II. = 3-5 ... 4 0. 

G. = 3 G ... 3-9. 

lihomhoidal Sparry Iron, J. ii. 101. 

2. Maciiotypous. llhomboliedraL R = 106° 51'. 

Cleavage, R. 

H. = 3-5. 

G. = 3*3 ... 3 6. 

RhomWidal Red JMans^ancse, J. ii. 106. 
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II. Zikc-Bakytb. Rhombohedral, prismatic. 

H. = 6 0. 

G. =3-3 ...4 5. 

Rhombohedral : G. above 4*0. 

« 

1. Prismatic. Prismatic. Pr-4» 1 = 128° 27'. 

Cleavage, I'r = 11G° 40^ Somewhat more distinct, 
(Pr + co)3 = 78° 7'. 

‘II. = 5-0. 

G. == .-i-a ... a (). 

Prismutic Calamine* J. ii. 108. 

2. ' lliiOMBoiiEDRAL. Hhombohedrol. H =3 107° 40'. 

Cleavage, R. 

H. =* 5 0. 

G. = 4*2 ... 4-5. 

Rhomhoidal Calamine. J. ii. 111. 

III. Scueelium-Bakyte. Pyramidal. 

H.*= 4 0 ... 4-5. 

G. = 6 0 ... 61. 

1. Pyramidal. PyramidaL P = 107° 27'? 113° 35'. 
Con^binations liemi-pyramidal with parallel faces. 
Cleavage, P + 1 = 100° 8', 130° 20'. P. P — oo. 
Pyramidal Tungsten. J. ii. 113. 

IV. , Hal-Baeytk. Prismatic. 

II. = 30 ... 3-5. 

G. = 3-6 ... 4-7. 

Feritomoub. Prismatic. 

Cleavage, P 4- co = 117° 10'. 

Traces of Pr + oo. 

H. == 3-5. 

G. = 3 8 ... 3-8. 

Strontianite. 


Less distinct, 


ii. 118. 
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2. 1)i-Prismatic. Prismatic. 

Cleavage, P 4- oo = IIS'" 30'. Pr + oo. Pr. 

H. = 3*0 3*0. 

G. = 4*2^... 4-4.* 

Witherite. ii. 111). 

3. Prismatic. Prismq^ic. Pr =105** O'; (Pr -f- oo)“ 

= 77° 27'. 

Cleavage, Pr s 78° 18'. Somewhat easier, Pr 4- os. 
Traces of P — od. 

H. = 3*0 ... 3*5. 

G. = 4*1 ... 4*7. 

Hcavy^Spar, J. ii. 121. 

4. PaisMAToiDAL. Prismatic. Pr = 103°58'. (Pr^»)» 

= 78° 35'. 

Cleavage, Pr = 70° 2'. More apparent, Pr 4- oo. Less 
distinct, P — oo. 

II. = 3*0 ... 3*5. 

G. = 3*0 ... 4*0. 

Celestinc, ii. IfiO. 

V. Lead-Baryte. Rhombohedral, pyramidal, 
prismatic. 

H. = 2-5 ... 4 0. 

G. = 6 0 ... 7-3. 

H. above 3*5 : G. = 6'5 and more. 

1. Di-Prismatic. Prismatic. P = 130“ O', 108“ 28, 

92“ 19'. 

Cleavage, Pr = 117“ 13'. (Pr + os)* =. 69’’ 2^'. 

H. = 3-0 ... 3*5. 

G. = 6*3 ... 6-6. 

DUPritmatic Lead-Sj>ar. J. ii. Iso. 

2. Bhombohedbai. Di>rhombohedraL P =a 142“ 12', 

80“ 44'. 

Cleavage, P. P + os. Both very indistinct. 
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H. = :>.J ... 10. 

G. = 0*9 ... 7-3. 

RhomhohM LauUSjjan J. ii. 133. 

P 

3. TIemi-Prismatic. Ilcnii-prismatir. - = 119° 

Inclination =12° 3(y. 

Cleavage, P 4- co = 93° *10'. Pr + oo. Pr + oo. 
Streak orange yellow. 

II. = 2-5. 

G. = G-0 ... C-1. 

Red LpMd-Spar. J. ii, 137- 

4. Pyramidal. Pyramidal. P = 99° 40', 131° 35'. 

Cleavage, P. Less dibtinct P — 05. 

II. = 3*0. 

G. 0*5 ... 0-9. 

Ycltow Lc(id-Sj)ftr, J. ii. 140. 

5. Prismatic. Prismatic.’ Pr = 104° 55'; (Pr = 

7«° 45'.. 

Cleavage, Pr = 7C'‘ 11'. Pr -f cc. 

H. = 30. 

G. = C-2 ... 0*3. 

Suljdtate of Lead. J. ii. 142. 

P 

0. AxpTOMOus. Ilemi-prismatic. — = 72° 30'. In- 

2 

dlination = 0° 29'. 

Cleavage, P — cc, perfect and eminent. 

H. =5= 2*5. 

G. = C-2 ... O-l. 

Stilphaio^iuCarhonaicofLcad.llViOOiii'E. ii. 144. 

VI. Antimony-Baryte. Prismatic. 

H. = 2-5 ... 30. 

G. = 5-5 ... 5-6. 

1. PniSMATic. , Prismatic. Pr =t 70° 32'. 

Cleavage, (Pr + s#)* = 130° 58', highly perfect. Pr + ss. 
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Prlsviaiic White Antimony, ii. 151. 

Corneous Lifad, J. ii. 150. 

« 

Cupreous Sulphate of Lead. Di^ooke. ii. 140. 

Cupreous Sulphato^CarhonairofLead.J^JiOO'KE. ii. 140. 

Fhiate of Ccriiun'^ Clieni. iii. 100. 

TIemi-prismuiic IluUharytc. iii. 

Pcritomous Lead-baryte. ii. 151. 

Plomhffommc ? .iii. 140« 

Stromnilc 12 iii, 150. 

Sulphato-Carhonaie of Lead. Brooke. ii. 148. 

Tungstate of Lcadi Cheni. iij. 165. 

Vifro~Cerite ? J. iii. 172. 


III. Order. KERATE. 

I. Pearl-Kerate, Tessular, pyramidal, 

H. == 10 ... 2 0. 

a = 5-5 ... 6-5. 

1. Hexaiiedral. Tessular. 

Cleavage, none. 

Malleable. 

H. = 10 ... 1*5. 

G. = 5-5 ... 5 G. 

Hexahcdral Corneous Silver. J. ii. 154. 

2. Pyramidal. Pyramidal. P = 12G® 31^, 79® 3'. 

Cleavage, P imperfect. 

Sectile. 

H. = 10 ... 2 0. 

G. = 6-4 ... 6-5. 

Calomel. ii.' ftO. 
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IV. OttDER. MALACHITE. 

I. Staphyline-Malachite., Amorphous. 

H. = 2 0 ... 3 0. 

G. = 2*0 ... 2-2. 

UNCLEAVAB 1 .E. Cleavage none. , 

Fracture conchoidaL 

Chrysocolla, ii. 158. 

II. Libocomb-Malachite. Tcssular, prismatic. 

H. = 2 0 ... 2-5. 

G. = 2-8 ... 3 0. 

I 

1. PhismItic. Prismatic. 

Cleavage, Pr = 71® ^ + od = 119’ 45' imperfect. 

Streak pale verdigris-green ... sky-blue. 

H. = 2 0 .1. 2-5. 

G. = 2 0 ... 3 0. 

Prumatlc Llrlconite, 5. il. ICO. 

2. Hexaiiedral. Semi-tessular with inclined faces. 

Cleavage, hexahedron, imperfect. 

Streak pale olive-green ... brown. 

Xl. ««= 2*5. 

G. = 2*9 ... 3*0. 

Hexdhcdral Liriconitc, J. ii. 1C2. 


III. Olive-Malachite. Prismatic. 

Colour or streak neither blue nor bright 
green. 

H. = 3*0 ... 4’0. 

G. = 3-6 ... 4-6. 

1. Prismatic. Prismatic. 

Cleavage, Pr = 110^ 50'. P -hoo =a 92’ 30'. Both 
^ very indistinct. 

St reak^ olive-green ... brown. 
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H. = 30. 

G. =: 4-2 ... 4-G. 

Prismatic or Acictilar Olivcnitc. X ii* 164. 

2. Di-Frissvvtic. Prismatic. Pr s=> 111® 58'. P4*oo 
= 95® 2'. 

Cleavage, Pr + oc^ Pr + od. Both very indistinct. 
Streak olive-grpen. 

H. = 40. 

G. = 3-6 ... 3 8. 

DUprismatic OVivenitc, X ii* 166. 


IV. AztniE-MAi.ACHixE. Prismatic. 
Colour blue. 

H. = 3-5 ... 4 0. 

G. = 3-7 ... 


1. Prismatic. Heml-prismatic. 


£•= 117“ 37'. Inclit 
2 


nation = 2° 2l\ 

Cleavage, (Pr + co)® =- 59® 14'. Less distinct, P — . oo. 

Traces of Pr = 99® 32'. 

Streak blue. 

Prismatic Blue Malachite* X ii. 167* 


y. Emerald-Maxachite. Rhombohedra!. 
H. = 50. 

G. = 3-2 ... 3-4. 


1. Biiombohedral. Rhombohedral. B + 1 a 95® 48'. 
Cleavage, li = 126® 17'. 

Streak green. 

Dioptasc* iL 171. 


VI. Habroneme-Malachite. Prismatic. 
Colour or streak bright green. 

2 D 


VOI.. I. 
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H. = 3-5 ... 50. 

G. = 3-6 ... 4-3. 

1. PnigMATic. Ilemi-prismatic. (I*' + oq)-* = 38°. 56'. 

Cleavage, traces of — and f r + o:- 

Streak emerald-green. 

11. = 50. 

G. = 4 0 ... 4-3. 

PrUinalic Green MalacMte, J. ii. 173. 

2. Hemi-prismatic. TTemi-prisniatic. = 139'’ 17'. 

2 

Inclination := 0. P -f 63 = 103° 42'. 


T*r w 

‘Cleavage, — ^ = 01° 49', and Pr -f cs 

highly perfect. 

Streak grass-green, apple -green. 


11. = 3*5 ... 4 0. 


G. = 3*(J ... 4*05. 


Common Malachite* J. 

ii. 175. 

Alucamile, 

iii. 74. 

Brochantitc* 

iii. 81. 

^uchroife. 

iii. 94. 

Green Jron’-Earth ? Werner. 

iii. 106. 

Jiadialed Aekular OlivcnUc* J. 

iii. 114. 

Scorodiie 9 

ill. 149. 

Van (J nr Unite 9 

iii. 167. 

Velvet-Blue Copper 7 .T. 

iii. 168. 

V. Obdeb. mica. 


Ecchlobe-Mica. Rhombohcdral, 

pyramtdaU 

prismatic. 
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Streak green ... yellow. 

H. = 10 ... 2-5. 

G. = 2S‘... 3-2. 

Streak green : G. =* 2‘6 and less; or 
= 3*0 and more. 

1. Riiomboiiedral. llhombohedral. 11 = 68° 45'. 

Cleavage, B — oo. 

Streak emeralcUgreen, apple-green. 

H. = 20. 

G. = 2-5 ... 2-8. 

IlcmUprUmatk* Copper •Mka* J. ii. \^il, 

2. PuiSMATic. Prismatic. 

Cleavage, P — os. 

Lamiiiie Ilexilile. 

Streak pale, apple-greeh. 
n. = 10 ... 1-5. 

G. = :po ... :j-2. 

Kupferschamn, \VKnNi*;ii. ii. 100. 

3. Pyramidal. Pyramidal. P = 05'’ iO', 143" 2'. 

Cleavage, P — cs. 

Lamina' not flexible. 

Streak green ... yellow. 

H. = 2 0 ... 2-5. 

C. = 30 ... 3'2. 

Uranilc. ii. 102. 


II. Cobalt-Mica. Hemi-prismatic. 

Cleavage parallel to the plane of inclination. 
H. = 2*5. 

G. = 2*9 ••• 3*1- 

P 

1. Prismatic. Hcmi-prismatic. — s 118° 23'. Inclina- 
tion = 9° 47'. — = 55= 8'. 
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Cleavage, Pr + eo. 

Streak red ... green. 

Prismatic Red Cobalt, J. ii. 184. 

III. Ibok-Mica.' Prismatic. 

Streak uncoloured ... blue. 

H. = 20. 

G. = 2-6 ... 2-7. 

^ IS 

1. Prismatic. Hemi-prismatic = 119® 4/. Inclina- 

2 

Pr 

tion = 10® 63'. 54® 13'. 

2 

Cleavage, Pr + oo. 

Vivhnitc. ii, 188. 

w 

IV. Graphite-Mica. Rhbmbohedral. 

H. = 10 :.. 20. 

G. = 1-8 ... 21. 

1. Riiohiioiiedral. DUrhombohech-al. 

Cleavage, It — eo. 

Metallic. 

Streak black. 

Piumbago. ii, igi. 

V# Talc-Mica. Rhombohcdral^ prismatic. 

Streak uncolourcd ... green. 
p.*= 10 ... 2-5. 

G. = 2-7.... 3 0. 

Streak green : G. = 2-8 and less. 
Hemi-prismatic : cleavage perpendicular 
to the plane of inclination. 

l. Prismatic. Prismatic. P + se s 120” (nearly). 
Clen"nge, P — so. 
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Lamina; flexible. 

Streak uncoloured ... green. 

11. = 10 ... 1-5. 

G. = 2-7 ...•2-8. 

Pristnaik Talc-Mica, J. ii. 103. 

2. Rhombohedral. Di-rhombobedral. 

Cleavage, R oo. 

Laminae elastic. 

Streak uncoloured. 

H. .-= 2 0 ... 2-5. 

G. = 2-8 ... 3 0. 

Rhomhoidal Talc^Mica. J. ii. 108. 

VI. Peabl-Mica. Rhombohcdral. 

H. = 3-5 ... 4-^. 

G. =30 ..?31. 

1. Ruomboiiedral. Di-rhombohodral. 

Cleavage, R — oo. 

Streak uncoloured. 


Margarite, 

ii. 204. 

Cronstedtite ? 

iiL 00. 

Hydrate of Magnesia, Chem. 

iii. 112. 

Pyrosmalite, 

iii. 143. 


VI. Oboeb. spar. 

I. Schilleb-Sfab. Piismatic. 

Cleavage monotomous, eminent. 
H. = 3*6 ... 60. 

G. = 2-6 ... 3-4. 
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1. Diatomous. rrismatic. 

Cleavage prismatoidaL 

I. ustre metallic-pearly. 

II. = 3-5 ... 4-0. 

G. = 2 (J ... 2 0. 

Dlaiomous SchUler^S^ar. J. ii. 20G. 

2. Hemi-Pbismatic. HemUprismaJ^^ic. 

Cleavage, Pr -f oo. Less distinct, = 72® and P + oo 

2 

= 94°. Traces of Pr -h oo. 

. Lustre metallic-pearly. 

H. = 4 0 ... 5 0. 

(}. = 3*0 ... 3*3. 

Bronzitc. ii. 207. 

c 

3. PbismatoidaTa. Prismatic. 

Cleavage, Pr + cc. Less cVstinct, P -f co as 93® (near- 
ly). Pr + 00 . 

Lustre metal llc-pearly. 

H. = (lO. 

G. = 3*3 ... 3-4. 

Ifi/pcrsthcnc, ii. 210. 

4. PiiisMATic. Prismatic. 

Cleavage, Pr + oo. Somewhat less distinct, P + oo = 
124 .30'. Pr + co. 
lifistre almost metallic-pearly. 

II == 5 0 ... 5-5. 

G. = 3-0 ... 0-3. 

AnlhophyllUe. ii. 211. 

II. Disthene-Spar. Prismatic. 

H. = 6 0 ... 7-0. 

G. = 6 0 ... 8-7. 

1. PiiiS3fATic. Tetarto-prismatic. 

Cleavage, two ihces, one of them more distinct, per- 
fect Uiid eminent. Inclination ss: 100® 50'. 

Vmnitc, ii, 213. 
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III. Triphane-Spau. Prismatic, 

Cleavage, somewhat more distinct in one 
dircctiop. 

Cololir not blue. 

H. = 60 ... 7 0. 

G. = 2-8 ..,*31. 

• 

1. Puts MAT 1 C. Prismatic. 

Cleiiva<^e, P + oo = 1)3°. Somewhat more distinct, 
Pr + co- 
ir. = G o ... 7*0. 

G. = 3 0 ... 31. 

Spiuhnneuc. ii. 216. 

2. AxoTOi>fOus. Prisimtic. 

Cleavage, P + oo = 99° 30'. More distinct, P — oo. 

II. = 0 0... 7 0.' . 

G. = 2-8 ... .3 0. 

Prihnltc, ii. !Jl7. 

IV. Dvstome-Spar. Prismatic. 

Cleavage difficult ; lustre of the fracture re- 
sinous. 

Colour not blue. 

H. = 50 ... 5-5. 

G. = 2 9 ... 3 0, 

1. PaissiATic. Ilcmi'prisinatic. i-.= 122°0^ Tnclina- 

2 

tion = 1° 41' 30". 

Cleavage, P + oo = 71 ” 30', very indistinct ; a little 

more distinct, Pr + oo. 

DaioUtc, ii. 220* 

V. Koufhone-Spab. Tessiilar, rhombohedral, 

pyramidal, prismatic. 
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H. = 3-6 ... 6*0. 

G. = 2 0 ... 2-5. 

Pyramidal : cleavage a^otomous, eminent. 
H. = 6*0 : tessular. 

1. TaAPEzoiDAL. Tessular. 

Cleavage, hexahedron, dodecah^ron, imperfect. 

H. S*5 ... 6 0. 

G. = 2-4 ... 2-5. 

* Lcucite, 

2. Dodecahedral. Tessular. 

Cleavage, dodecahedron distinct. 

51. =5 5*5 ...6-0. 

.G. = 2-25 ... 2-35. 

SodKlitc*. 

3. Hexauedral. Tessular. ^ 

Cleavage, hexahedron, imperfect. 

H. » 5*5. 

G. = 2*0 ... 2*2. 

Analcwic. 

4. Paratomous. Prismatic. 

Cleavage, P. Pr + oo. Somewhat easier Pr + oo. 
Imperfect. 

H. = 4-5. 

Gi =z 2*3 ... 2*4. 

Ilarimlomc* ii. 229. 

5. 11ho»iboii£dral. Rhomboliedral. 11 ss 94° 49^. 

Cleavage, 11. 

H. ^ 4*0 ... 4*5. 

d. 2*0 ... 2*1. 

Chabaslte^' ii. 232. 

6. Diatomous. Hemi-prismatic. P + oo as 86° 15'. 

Cleavage, Pr + oo. Traces of Pr + co. 

H. unknown. 

G. = 2;3 ... 2 4.** 

Laumonitc. ii. 234. 


ii. 224. 


ii. 225. 


ii. 227* 
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7- Prismatic. Prismatic. P = 143® 20', 142® 40', 53® 20'. 
Cleavage, P 4- oo = 91® O'. 

H. = 5 0 ... 5-5. 

G. = 2-2 ... 2-3. 

Mcsotype. ii. 230. 

8. Prismatoidal. Pri^atic. P =s 119° 15', 114® O', 90® O'. 
Cleavage, Pr + oo, eminent. 

H. = 3-5 ... 4 0. 

G. == 2 0 ... 2-2. 

Stilbite, ii. 239. 


9. Hemi-Prismatic. Hemi-prismatic. Irregular six- 

sided prism of 129® 40', 110“ 20', and 114® O'. 
Cleavage, Pr + oo, very eminent. 

II. =: 3-5 ... 4 0. 

G. = 2 0 ... 2-2. 

Ileulandite, ii. 242. 

10. Pyramidal. Pyramidal. P = 104® 2', 121° O'. 
Cleavage, P — oo, eminent. [P -f- oo] imperfect. 

H. 4-5 ... 5-0. 

G. = 2-2 ... 2-5. 

Apopliyllitc* ii. 244. 

11. Axotomous. Prismatic. P=; 100° 52', 101® 37', 120° 34'. 
Cleavage, P — oo, eminent. Less distinct, Pr 4* oo. 

Pr 4- 00 . 

H. = 4-5 ... 5 0. 

G. os 2*2 ... 2*5. 


Apophyllltc. 

ii. 246. 

Brewster ite. 

lii. 0. 

Comptonite. 

iii. 89. 

G^nclinitc, 

iii. *1 04. 

Levyne. 

iii. 120. 

Mcsole, 

iii. 126. 

Mesoliw:, 

iii. 126. 

Sarcoliie. 

iii. 1^7. 

Thomsonltc, 

iii. 162. 
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VI. Pktai.ine-Si*ar. Prismatic. 
H. = 60 ... 6-5. 

G. = 2-4 ... 2-5. 


1. riiisMATic. Trisniatic. 

Cleavage, a prism of (nearly). More distinct, 
Pr + 03. 

VchtlUc, ii. 248. 


VII. Fe LD-Si'AR. Rhombohedral, pyramidal, 
prismatic. 

H. = 5 0 ... 60. 

G. = 2-.5 ... 2-8. 

H. = 5-5 and less: form pyramidal, 
cleavage not alotomous. 


1. lluoMuoiiEURAL. Di-rhombolicdral. F sa 139° 19', 
88" O'. 


2 . 


Cleavage, 11 — co. 11 4- oo. 
H. = (M). 

G. = 2-5 ... 2-0. 


Nt'j)hcnne. ii. 250. 

P 

Fhisaiatic. ITemi-prismatic. = 120° 12'. Inclina- 
tion = 0. 

w 

Cleavage, — ^ = 04° 34', perfect. Pr 4- oo perfect, 


but often interrupted. (Pr 4- co)^ =- 118° 52', im- 
perfect. 

II. = 00. 

G. =' 2*5 ... 2 (8. 

Pristmtic Felspar. J. ii, 251. 

3. Pyramidal. Pyramidal. P = 136° 7'? 63° 48'. 
Cleavage, P 4* oc. [P 4- oo]. Traces of P — oc. 

H. = 5-0 ... 5-5. 

Q. = 2*5 ... 2*8. 
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Wernente, 

iL 204. 


Alhitc, 

ii. 

255. 

Anoriiiitc. 

iii. 

71. 

ElaolUc, 

ii. 

03. 

Fehj}(tr from Baicno, Viilg. 

ii. 

25r. 

Fchjtarfronfihc Sauuljw, Vulg. 

ii. 

257. 

Labrailorlte, 

ii. 

257. 

Latrobiic, 

iii. 

118. 

Nuitairite, 

iii. 

133. 


VIII. Augite-Spar. Prismatic. 

Lustre not metallic-pearly. 

H. = 45 ... 7;0. 

G. = 2-7 ... 3-5. 

H. above 6'0 : G. = 3-S and more. 

G. under 3 2 : cleavage oblique-angular 
peritomous, perfect. 

jSj. 

1. pAiiATOMOUS. Ilemi-prismatic. — = 120® O'. ~ 

2 2 

73° 54'. Inclination = 0. 

Cleavage, (Pr + oo)^ =- 07® 5'. Pr + oo. Pr 4- oo. 
Sometimes 

2 

Jl. = 5 0 ... 6 0. 

G. = 3-2 ... 3*5. 

Pyroxene, Ih 268. 

•ft 

2. Hemi-Prismatic. Hemi-prismatic. ^ zst 148®.39'. 

= 75° 2'. Inclination == 0. 

2 

Cleavage, (Pr + oo)^ 124° 34'. dL.ess distinct, Pr 4- oo. 

Pr 4* 00 . 
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H. S 5-0 ... 6'0. 

G. = 2*8 ... 3-2. 

AmplaboU. iL 274. 


3. Pbismatoidal. Hemi-prismatic. 


2 


70« 33'* Sr 


r=: 63° 43^ Inclination rs 0° 33^. 

Pr ^ 

Cleavage, — = 64° 36'. «More distinct, Pr + oc. 

H. = 6 0 ... 7*0. 

G. = 3-2 ... 3-5. 

Epidotc. ii. 282. 


4. Faismatic. Prismatic. 

Cleavage, perfect in tw^o directions, one of them being 
more easily obtained. Inclination == 95° 25'. 

H. =5 4-5 ... 5 0. 

G. = 2-7 ... 2-9. 

Wollasionite* ii. 286. 


Acmite. 

iii. 67. 

ArfvedsonHe. 

iiL 73. 

BahingtonitCm 

iiL 75. 

Indianitc, 

iii. 113. 

jeffhrsonite. 

iii. 115. 

Manganesc-Spar9 J. 

iii. 122. 

Wiihamite, 

iiL 170. 


IV. Azure-Spak. Tessular, prismatic. 
‘Colour blue. 

H. == 5 0 ... 60. 

G. = 2-9 ... 31. 

1. Dodecahedral. Tessular. 

Cleavage, imperfect. 

Colour bright. 

Streak blue. 
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H. s 5*5 ... 6*0. 

G. 2*9 ... 3*0. 

Azurestom or Lajpu Lazvlu J. 

2. Prismatic. • Prismatic. 

Cleavage, P + oo s= 9P 30^, imperfect. 
Colour bright. 

Streak uncoloure^. 

H. = 5*0 ... 5*5. 

G. = 3*0 ... 3*1. 

Lazulite. 

3. Prismatoidal. Prismatic. 

Cleavage, prismatoidal^ imperfect. 

Colour pale. 

Streak uncoloured. 

H. = 5*5 ... 6 0. 

G. = 3*0 ... 3*1. 

Prismatoidal Azurc*S$ar or Blac^Spar. 


Amhlf/gonite. 

Bergmannitc* 

Bucklanditc ? 

Cahitc, 

Chiastolite, 

Diasporc. 

Eudialyte, 

Gehknitc, 

Hauync, 

KarplioUtc ? 

Nephrite. 

Saussurite. 

Sillimaniie. 

Somcrvillite. 

Thulite. 


m 


ii. 288. 


li. 290. 


. ii. 292. 


iii. 70. 
iii. 77. 
iii. 83. 
iii. 83. 
iii. 84. 
in.' 92. 
iii. 96. 
iii. 102. 
iii. 107 . 
iii. itp. 

iii. 148. 
iii* ^53* 
!!i. 154. 
iii. 162. 
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VII. Ordeu. gem. 

I. Andalusite. Prismatic. 

Cleavage not prismatoidal. 

H. = 7-5. 

G. = 3‘0 ... 3'2, 

1. Prismatic. Prismatic. 

'Cleavage, P + eo = 91° 33'. Pr + 0 #. Pr + os. 

AndalusHc. ii. 293. 

II. iCoRUNUUM. Tessular, rhombohedral, pris> 

iQatic. 

H. = 80 ... 9 0. 

G. = 3-5 ... 4-3. 

Prismatic: G. = 3*65 and more; 1-1.= 8-, 5. 
Colour red or brown ; G. = 3’7 and more : 
II. = 90. 

1. Dodecahedrai.. Tessular. 

Cleavage, octahedron, difficult. 

H. •! 8 0. 

‘G. = 3-5 ... 3-8. 

Sjnnelle, 

2. Octahedral.^ Tessular. 

Cleavage, octahedron, perfect. 

it. = 8 0. 

G. = 41.... 4-3. 

Gdhnite. 

3. Rhomb oiiEDiiAL. Rhombohedral. .R 

Cleavage, R. Sometimes, R.i-.oo. 

H, = 9-0. . 
a .= 3*9 ... '4*05. 

Corundum, 


ii. 295. 


ii. 299. 
= 86 ° 6 '. 


ii. 299. 
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4. Pbismatjc. Prismatic. Pr = 119’ 48'. (P + »)’ 
= 70’ 41'. 

Cleavage, Pr + os. I.ess distinct, Pr + os. 

H. = 8*5. 

G. = .3 65*... 3-8. 

Chri/xoibcryl. ii. 304. 

111. Diamond. Tcssular. 

H. = 100. 

G. = 3*4 ... 3-6. 

l. Octaukduai.. Tessular. 

Cleavage, octahedron, perfect. 

jyuimnnd. ii* 30C. 


IV. Topaz l*nsmjitu;. 

Cleavage, uxototnous. 

H. = 8 0. 

G. = 8 4 ... 3 6. 

1. PmsMATic. Prismatic. P = 141’7', 101° 52^, 90°5fi'. 
P + os = 124’ 19'. 

Combinations sometimes diftcrent in the opposite ends 
of the crystals. 

Cleavage, P — os, highly perfect. 

Topas, ii. 308. 


V. Emerald. Rhombohcdral, prismatic. 

Cleavage, rhombohcdral axotomous and 
peritomous, or prismatoidal of a high 
degree of perfection. 

II. = 7-5 ... 80. 

G. z=2-6 ... 3-2. 
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1. Prismatic. Ilcmi-prismatic. 

Cleavage, Pr 4* os, of a high degree of perfection. 

5^ z= 49'’ 52'. 

2 

H. = 7-6. . 

G. = 2-9 ... 3-2. 

Enclasc. ii. 313. 

2. Rhomrohedral. DurhomboheSral. P = 50®47'* 

Cleavage, R — os. Less distinct, P + oo. 

H. = 7<> ... 8*0. 

G. S3 2 G ... 2*8. 

Emerald. ii. 310. 

VI. Quartz. Rhombohedral, prismatic. 
CJcaVage, not axotomous. 

H. = 5*5 ... 7-5. 

G. = 1 q ... 2-7. 

1. Prismatic. Prismatic. 

Cleavage, P + os = 120® (nearly). Pr -f os. 
Dichroism, psirallel and perpendicular to the axis. 

H. = 7*0 ... 7*5. 

G. s= 2-5 ... 2*0. 

u 

Chrdieritc* ii. 319. 

2. RifOMBOHEDRAL. Rhombohedral. R ss 76° 5.V. 

Combinations, hemi..rhombohedral and hemi-di-rhom- 
bohedral ; R + n and (P 4* n')*" with inclined faces, 

P 4“ n" with parallel faces. JL = 94® 15'. 

* 2 

Cleavage, • P = 133® 44', 103® 35'. Commonly ~ 

t 2 

somewhat less distinct. P 4- oc. 

H. = 7-0. 

G. = 2-5 ... 2*7. 

Quartz. ^ ii. 321. 

3. UxclTeavable. Reniform ... massive. 

Cleavage, none. 
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H» = 5*5 ... 6*5. 

G. := 1*9 ... 2*2. 

OjfaL 

4. Empyrodox. Grains ... massive. 

Cleavage, none. 

II. = C O ... 7*0. 

G. = 2*2 ... 2*4. 

Fusible QSariz^ J. 

VII. Axinite. Prismatic. 

Lustre pure vitreous. 

H. = 65 ... 7-9. 

G. = 30 ... 3-3. 

1. Prismatic. Tctarto.prisniatic. 

Cleavage, two iacea^ one of them more distinct. In- 
clination = lOr 30'. 

. Axinite, il. 34ft. 

VIII. Chrysolite. Prismatic. 

Lustre pure vitreous. 

H. = 6-6 ... 7 0. 

G. = 3-3 ... 3-5. 

1. Prismatic. Prismatic. Pr = 80'* 63'. (Pi^+oj)^ 
130'* 2'. 

Cleavage, ^r + oo. Traces of Pr + oo. 

Chrysolite, ii.*345. 

IX. Boracite. Tessular. 

H. :?= 7 0. 

G. = 2-8 ... 3 0. 

I. Tetrahedral. Semi-tessular, with inclined faces. 
Cleavage, octahedron, imperfect* 

Boracite, ii. 347. 

2 £ 


11. 332* 


ii. 337. 


VOL. I.- 
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Cl. ASS II. 


X. ToniiMALiNE. Rhombohcdral. 

H. = 70 ... 7-5. 

G. = 3 0 ... 3-2. 

1. lliioMUOUEDRAL*. llliombohcclral. 11 = 133° 

Combinations, the opposite 9 ri(ls of the crystals con- 
taining diHerent faces. 

Cleavage, It. P + od. Imperfect. 

Tourmaline, iL 349. 


X I. Gaiinet. Tessular, pyramidal, prismatic. 
Lustre, not pure vitrpous. 

H. = 6 0 ... 7*5. 

G. = .31 ... 4-3. 

Colour black : G. jp 3 9 and less. 

H. = 7*5 : colour red or brown. 

G. under 3-3 : form tessular. 

1. Pyramidal. Pyramidal. P = 129° L*9', 74° 14'. 

Cleavage, P — oo. P + w. fP + os]* 

H. = G-5. 

G. == 3*3 ... 3-4. 

I(f6crasc. ii. 354. 

2. TeI'rauedral. Scmi-tessular, with inclined faces. 

Cleavage, octahedron, imperfect. 

II. = 6-T) ....fhS. 

G. = 31 ... 3vV 

' Hclvinc, ii. 357* 

3. ' liODECAiiEDEAL. Tessular. 

Cleavage, dodecahedron, imperfect. 

II. = 6-5 ... 7*5. 

G. = 3-5 ... 4*3. 

Gnntet. ii. 359. 

4. PuisMAToiDAL.-( PrUmatlc. fr = 79'’ 32'. (Pr + oo)» 

*= 129" 31'. 



OBDBB VII. 


CENEBA AND SPECIES 


m 


Cleavage, Pr = es, perfect. 

H. = 7 0 ... 7-5. 

G. = 3-3 ... 3-9. 

SlauTolitc. ii. 3CC. 


XII. Zircon. Pyi’amidal. 
H. = 7 & 

G. = 4-5 ... 4-7. 


1. Pyuamidal. Pyramidal. P =£ 123® 19'. 

W‘20'. 

Cleavage, P. P + os. 

Zircon. 

ii. 368. 

XIII. Gadolinite. .Prismatic. 

Colour black. 

H. = 6-5 ...’7-0. 

Gr« = 4*0 ... 4*3. 

1. Prismatic. Ilemi-prismatic. 

Cleavage almost none. 

Fracture conchoidal. 

Gadolinite. 

11. .371. 

Aplome. 

ii. 3G4. 

Chondrodite. 

iii. 37- 

Essonite. 

li. 364. 

Fibrolitc ? 

ji. 99. 

Forslerite, 

vi. 102. 

HyaloxutcrHc ? 

ill. 111. 

Knebelitei 

iii. 118. 

Ligurite ? 

tii. 121* 

Melinite $ 

iii. 125. 

SpJiceruUte ? 

iii. 155. 

Sphiellam ? 

iii. 156*. 

Zeagimite. 

iii. 174. 
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CUARACTKltlSTlC. 


Cl. ASS 11. 


VIII. Order. ORE. 

I. Titanium-Ore. Pyramidal, prismatic. 

Streak uncolourcd ... very pale brown. 

H. = 5 0 ... 6-6. 

G. =: 3’4 ... 4‘4. 

G. under 4*^ : streak uncoloured. 

1. Prismatic. Hemi-prismatic. = 113“ 20'. Inclina- 

. tion = 8“ 18'. (Pr + os)‘ = 136“ 8'. 

Cleavage, -?.?£ = 28“ difficult. 

c 2 2 

Streak unc()lourcd« 

11. ==*6 0 ... 5-5. 

G. = 3-4 ... ,3 6. 

Sphcnc* ii. 373. 

2. Peritomoiis. Pyramidal. P = 117® 2', 96® 13'. 

Cleavage, P + oo. [P + oo]. 

Streak pale brown. 

H. = G O ... 6-5. 

G. == 4-2 ... 4-4. 

Ritille. ii. 376. 

3. Pyramidal. PyramidaL P = 97® 66', 136® 22'. 

Cleavage^ P — oo. P. 

Streak uncoloure^d. 

H. = 6-6 ... 6 0.' 

G. = 3-8 ... 3-9. 

Anatasc.. ii. 379. 


II. Zinc-Ore. Prismatic. 
Streak orange-yellow. 


H. = 4*0 4’5. 

G. = 5-4 ... 5-5. 



0;?DK!t VJIL 


c;exera and species. 
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1 . Prismatic. Prismatic. 

Cleavage, P -f- od = 126® (nearl^r). Traces of Pr + os. 
Prisynatic Zinc^Ore> J. ii. RJIO. 

III. Copper-Okk. Tcssular. 

Streak brownish-red. 

H. = 2*5.... 4.0. 

G. = 5-6 ... 60. 

]. Octahedral. Tessular. 

Cleavage, octahedron. 

OctaJwdral Red Copper •Ore. J. ii. 381. 

IV. Tin-Ore. Pyramidal. 

Streak not black. 

H. = 6 0 ... >0. 

G. = 6-3 ... 71. 

1. PraAMiDAL. TyramidaL F = 133° 26', 67° 69'. 
Cleavage, P + os. [P + »]. 

Streak uncoloured ... pale brown. 

Pyramidal Tin-Ore. J. ii. 384. 

V. Scheelium-Ore. Prismatic. 

Streak reddish-brown, dark. 

H. = SO ... 5-5. 

G. = 7-1 ... 7-4. 

1 . Prismatic. Hemi-prismatic. =*62° 46'! In- 

2 

clination === 0, P + co =5 101“ 5'. , 

Cleavage, Pr 4- 00, jierfect. 

Prismatic Wolfram, J. ii. .3«7* 

VI. Tantalum-Ore. Prismilic. 

Streak brownish-black. 
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CHARACTERISTIC. 


CtASS n. 


H. = 60. 

G. = 60 ... 6-3. 


I. Prismatic. Prismatic. 

Cleavage, prismatoidal. 

Tanialite. ii. 390. 

VII. Ukanium-Oue. Form not determinable. 
Streak black. 

H. = 5-5. 

G. == 6*4 ... 6*6. 

1. U>fCLEAVABLE. lienifortn, massive. 

Cleavage, none. 

UncLavable Urahium^bre, .T. ii. 393. 


VIII. Cerium-Ore, Form not determinable. 
Streak uncoloured. 

H. = 5-5. 

6. 4 9 ... 50. 

1. Cncleavable. Massive. 

Cleavage, none. 

Cerite, ii, 394. 

IX. CiiROME-OiiE. Tessular. 

Streak brown. 

H. = 5 5. 

G. = 4*4 ••• 4*5. 

1. Octahedral. Tessular. 

Cleavage) octakedron. 

Prismatic Chrome^Ore or Chromate of Iron* J. ii. 396. 

X. Iron-Ore. Tessular, rhombolicdral, prismatic. 

Streak red, brown, black. 



VllJ. 


GENERA AND SPECIES. 
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H. z= 5 0 ... 6-5. 

G. = 3*8 ... 5v3. 

Streak «brown : G. = 4*2 and less, or 
* 4*8 and more. 

G. under ; the colour being black : 
Streep without lustre. 

]. Axotomous. llliombohedral. II r= 85® 5!)'. 

Combinations liemi-rhomboliedral, with piA'allel faces. 

L±J == or 20'. 

2 

Cleavage, 11 — oo* perfect. Traces of R. 

Streak black. 

AV^eak action upon tlie magnetic needle. 

II, = 5 0 ... 5*5. 

G. = 4-4 ... 4-8. 

Titamllc Iron, Viilg. ii. ^07. 

2. Octahedral. Tessular. 

Cleavage, octahedron. 

Streak black. 

Strong action upon the magnetic needle. 

H. = 5*5 ... 8*5. 

G. = 4-8 ... 5-2. 

Oclahcdral Iron-Ore, J. ii. 800. 

8. Dodecahedral. Tessular. 

Cleavage, octahedron, very indistinct. 

Streak brown. 

AVeak action upon the magnetic needle. 

H. = G O ... 6-5. 

G. = 5*0 ... 51. 

Franklimte^ iit 408. 

4. Rhombohedral. Rhombohedral. R £= 85^ 58^ 
Cleavage, R. Sometimes, R^— . oo. 

Streak red ... reddish-browrA 

Sometimes a weak action upon ilic magnetic needle. 
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CHARACTEUISTIC. 


CLASS II. 


H. = 5'5 ... 6-5. 

G. = 4*8 ... 5*3. 

Rliomlmdal Iron-Ore, J. ii. 404. 

5. Prismatic* Prismatic. 

Cleavage, P +‘ 00 . 

Streak yellowish-brown. 

No action upon the magnetic naecllc. 

H. = 6*0 ... 5*5. 

G. = 3*8 ... 4*2. 

" Prismatic Iron-Ore. J. ii. 410. 

8. l)i -Prismatic. Prismatic. P = 139" 3?', 117® 38,77^6'. 
(Cleavage, Pr =» 113° 2'* P + co = 112° 37'. Some- 
what more distinct, P — co. Pr + 00 . Altogether 
imperfect. 

Streak black, sometimes greenish or brownish. 

No action upon the raagne^f^c needle. 

II. = 5*5 ... 6*0. 

G. = 3*8 ... 4*1. 

LievrUe* ii. 414. 


XI. MAMGASfESE-OsE. Pyramidal, prismatic. 
Strei^k dark brown, black. 

No action upon the magnetic needle. 

H. := 2-5 ... 6'0. 

G. — I'O ... 4‘8. 

Streak blown : G. = 4-7 and more, 
H. = 4*0 and more. 

H. above 4-0; the streak being black: 
lustre in the streak. 

PvKAMiDAL. PytamidaL P m lOS* Sfi', 117* 54'. 
Cleavage, P—M. Traces of P .i.. 1 a 114* 51', 99* 
11', and of P.^' 

Streak brown. 
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H. = 5-0 ... 6-5. 

Cl. = 4*7 ... 4-8. 

Black Manganese* J. ii. 41G. 

ITncleavable. ifeniform, botryoiilal, massive. 

Cleavage, none. 

Streak brownish-byick, shining. 

II. = 5*0 ... 6 0. 

G. = 4-0 ... 4^i. 

Black Manganese* J. iL 418. 

«'!. Prismatoidal. Prismatic. 

Cleavage, Pr + oo perfect, less distinct P -f oo = 90® 40'. 


Streak black. 


H. = 2-5 ... 3-5. 


G. = 4-4 ... 4-8. 


Greff MatiffaneSc. J. 

ii. 419. 

Allanite* 

iii. 68. 

Brookitc. 

iii. S2* 

Fergusonite, 

iii. 98. 

Orthite. 

iii. 138. 

Phosphate of Manganese* Cheni. 

iii. 136. 

Stilpnosidcritc* 

iii. 158. 

Yttro->TantaUte, J. 

iii. 173. 


IX. OaDEU. METAL. 

I. Arsenic. Form unknown. 

Colour tin-w'hite. 

H. = 3-5. 

G. = 5-7 ... 5-8. 

1. Nativk. Keniforni, massive. 

Arsenic, ii..423. 



442 


CHARACTERISTIC. 


CEASS II. 


II. Tellurium. Form unknown. 

Colour tin-white. 

II. = 20 ... 2-5. 

G. = 61 ... 6-2. 

1. Native. Massive. 

f’clturlum, ii. 424. 

III. Antimonv. lihombohcdral, prismatic. 

Not malleable. 

Colour white, not inclining to red. 

H. = 30 ... 3-5. 

G. = 6-5 ... 10-0., 

1. Hhomuoheorai.. Ilhotnbohe<]raL II = 117° 15'. 

Cleavage, R — m perfect. R. Traces of R— .2 and 

V f 00. 

II. = 3 0 ... 3%5, 

G. = C-5 ... Crli. 

Antimony, ii. 42C. 

2. Prismatic. Prismatic. 

Cleavage, P — oo. Pr. I.,ess distinct, P + co . 

II. = 3-5. 

G. J 8-9 ... 10 0. 

PrUynntlc Antimony or Antimonial Silver, J, ii. 427- 

IV. Bismuth. Tessular. 

Colour silver-white, inclining to red. 

H. = 2 0 ... 2-5. 

G. = 9*6 ... 9'8. 

1. Octahedral. Semi-tessular with inclined faces. 
Cleavage, octahedron, prfect. 

BUviuih, ii* 430. 
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V. Mercury. Tessular, fluid. 

Not malleable. 

Colour white. 

H. =‘00... 3 0. 

G. = lO S ...^5 0. 

1. Dodecahedral^ Tessular. 

Cleavage, none. 

Colour silver-white. 

H. js: 10... 3 0. 

G. = 10-5 ... 12*5. 

Dodecahedral Mcrqiry or Native Amalgam* .1. ii. 431. 

2. Fluid. Fluid. 

Colour tin-white. 

II. = 00. 

G. = 12 0 ... 15r0. 

Mercury, ii, 432. 

VI. Silver. Tessular. 

Ductile. 

Colour silver-white. 

H. = 2-5 ... 3 0. 

G. = 10 0 ... 10-5. 

l. Hexaiiedral. Tessular. 

Cleavage, none. 

Silver. ii, 433. 

* • 

VII. Gold. Tessular. 

Colour gold-yellow. 

H. = 2-5 ... 30. 

G. = 120 ... 20 0. 

1. Hexaiiedral. Tessular. 

Cleavage, none. 

Gold. ii.*43(?. 


I 
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CllARACTKlllSTlC. 


n.ASS II. 


VIII. Platina. Form unknown. 
Colour steel-grey, 

H. = 4 0... 4-5. 

G. = 16 0 ... 20 0. 

1. Native. Massive. 

Cleavage, none. 

Platim. 


IX, Iron. Tessular. 

Colour pale steel-grey. 
H. = 4-5. 

G. = 7-4 ... 7-8. 

1. Octahedral. Tessular. 
Cleavage, none. 

Iron* 


X. Copper. Tessular. 

Colour copper-red. 
H. = 2-5 ... 3 0. 
G. .= 8*4 ... 8*9* 

1. Octahedral. Tessular. 
Cleavage, none. 

Copper* 


ii. 441. 


ii. 442. 


ii. 444. 


Iridium* 

Lead* 

Palladium. 


iii. 114. 
iii. 129. 
iii. 134. 
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X. Oedek. pyrites. 

I. Nickei.-Pyeite§. Prismatic. 

Colour •copper- red. 

H. = 5 0 ... 5-5. 

G. = 7*5 ... 7*7. 

1. Prismatic. Prismatic. 

Cleavage, indistinct. 

Prismatic Nickel Pyrites* J. ii. 440. 

II. ABSENiCAL-PYSiTEfi. Prismatic. 

Colour not inclining to red. 

H. = 5 0 ... 6 0. 

G. = 5-7 ... 

Colour white or grey : G. under 6*3 or 
above 7*0. 

1. Axotomous. Prismatic. Pr = 51° 20'. P -f n s 

122° 26'. 

Cleavage, P es. Less distinct, Pr ss 86° 10'. Tra- 
ces of P-+ 00 . 

H. = 5*0 ... 5*5. 

G. = 7*1 ... 7*4. 

Axotomous Artenkal Pyrites. J. ii. 448. 

2. Prismatic. Prismatic. 

Cleavage, P —es. (Pr + »)* .a 111° 63'. 

H. a: 5*6 ... 6*0. 

G. = 5*7 ... 6*2. 

Prismatic Arsenical Pyrites. J. iL 449. 

-III. Cobalt-Pybites. Tessular. 

Colour white, inclining to 9teei*grcy or red. 

H. = 5*5. 

G. = 6*1 ... 6*6. 
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CHARACTERISTIC. 


CLASS 11. 


1. OcTAiiKD'iiAL. Tessular. 

Cleavage, hexahedron, octahedron, dodecahedron, in- 
distinct. 

Colour white, inclining to grey. 

II. =3 5*5. 

G. = G-4 ... C C. 

TituWhila Cohalt, J. sis. 452- 

2. Hexahedral. Semi-tessular with parallel faces. 

Colour white, inclining to red. 

JI. =3 5*5. 

G. = 6*1 ... 6-35. 

Silver- White Cobalt, J. ii. 455. 


IV. Iron-Pyrites. Tessular, rhombohedral, pris- 
matic. 

Colour yellow, sonfetimes inclining to cop- 
p’or-red. 

H. = & 6 ... 6-5. 

G. = 4-4 ... 5 05. 

1. Hexahedral. Semi-tessular with parallel faces. 

Cleavage, hexahedron, octahedron. 

Coldiu* bronze-yellow. 

. H. == 6*0 ... G*5. 

&. = 4*0 ... 5*05. 

Hc^xahcdral Iron-Pyrites, J. ii. 457- 

2. Prismatic. Prismatic. Pr = 114’’ 19'. 

Cleavage, Pr = 100° 36', distinct. Traces of P 4- od 
*= QIP 13'. 

Colour bronze-yellow. 

H. = to o ... 0*5. 

G. = 4*05 ... 4-9. 

Prisymtiv Iron-Pyrites, J. ii. 4C1. 

3. Khosibouedriil. Di-rhombohedral. 

Cleavage, R ^ oo. Less distinct, P + oe. 

Colour bronze-yellow, inclinbig to copper-red. 



OltDKU Xf. 


OKNEBA AX1> SPKClrtS. 


417 ' 


H. = ... 4'3. 

G. = 4-4 ... 4-7. 

ItltonUxAdallmuPyrilci or Magnetic Pyrites. J. ii. 46*6. 

V. CopPEB-l^BiTES. Tessular,<pyrainidal. 
Colour brass-yt^ow, copper-red. 

H. = 30 ... 40. 

G. = 41 ... 51. 

1. OcTAHEDiiAi.. Tessular. 

Cleavage, octahedron, very indistinct. 

Colour copper-red. 

H. = 30. 

G. = 4-9 ... 61. 

Variegated Copper.* 3. iL 4C7« 

2. I'vBAMiUAL. HcmI-pfrainidal with inclined faces. P 

= 109“ 63', 108° 40'. 


Cloavag'c, P + 1 == lOr 49% l2C'”n'. 


Colour brass-yellow. 


11. = 3-5 ,./4 0. 


G. = 41 ... 4-3. 


Pyramidal Copper^Py rites, J. 

ii. 469. 

Cobalt Kies 9 J. 

ill* 88. 

Ntekeliferous Grey Antimony, J, 

* iii. 131. 


XI. OttDEE. GLANCE. 

I. Coppee-Geance. Tessular, prisnfatic. , 

Colour blackish lead-grey, steel-grey, black. 
Cleavage, indistinct, not axotomous. 

H. = 2-5 ... 40. 

G. = 4-4 ... 5-8. 





CHAIIACTEUISTIC, 


CLASS II. 


1. Tetrahedral. Scuii-tessular with inclined &ces. 

Cleavage, octahedron. 

Colour steel-grey ... iron -black. 

H. = 3 0 ... 4 0. 

G. = 4‘4 ... 5-2. 

Tetrahedral Coppcr^Glance. J. iii. 1. 

2. FrisAiatoidal. Frismatic. 

Cleavage, Pr 4- ce. 

Colour blackish lead-grey. 

Ijrittle. 

11. = 30. 

G. = 57 ... 5-8. 

Prismatoidal Copper^Glance. J. iii. 4. 

3. 1>i-Frismatic. Frismatic. Pr — 1 =:87®8'; (Pr + os)® 

= 90 3P. 

Cleavage, Pr + oo. Pr 4 ». The former rather 
more distinct. 

Colour steel grey, inclining to lead-grey or iron-black. 
Brittle. 

H. = 2*5 ... 3 0. 

G. = 5 7 ... 5-8. 

Bournonitem iii. 5. 

4. Prismatic. Frismatic. Pr = 119® 35'; (Pr 4 oo)® = 

63° 48'. 

Cleavage, Pr, very Imperfect. 

Colour blackish lead-grey. 

Very sSctile. 

H. = 2-5 ... 3«0. 

G.*,= 5*5 ... 5-8. 

PrUinatic Copper^Glance or Vitreous Copper* J. iii. 8. 

II. Silvee-Glance. Tessular. 

Colour blackish lead-grey. 

H. = 2 0 2-5. 

G. e= 6-9 ... 7-2. 



ORDER XI. GENERA AND SPECIES. 4A9 

1. Hexahedral. Tessular. 

Cleavage, traces of the dodecahedron. 

Malleable. 

Hcxdhcdml SilvcrmGlanci\ J, iii. !!• 

III. Lead-Glance. Tessular. 

Colour pure fcad-grey. 

H. = 3-5* 

G. = 7-4 ... 7-6. 

1. IIexaiieoral. Tessular. 

Cleavage, hexahedron, perfect. 

IlcxaJiedral Gahna or Lcad^Glance, J. iii. 13. 

IV. Tellurictm-Glanck. Prisniaric. 

Colour blackish lead-grey. 

Cleavaec monotomous, perfect. 

H. = 10 ... 1-5. 

G. = 70 ... 71. 

1. PiiisMATic. Prismatic. 

Cleavage, axotomous or prismatoidal. 

Prismatic TclluriiniuGlance, J. iii. 16. 

V. Molybuena-Glance. RhomboHcdral.- 

Colour pure lead-grey. 

Thin laminae very flexible. 

H. = 10 ... 1-5. 

G. = 4-4 ... 4-6. 

1. lliiOMnoHEDRAL. Di-rhomboliedral. • 

Cleavage, li — od, perfect. 

lihomhoidal Mohjbdcna, J. iii. 18. 

VI. Bismuth-Glance. Prismatic. 

Colour pure lead-grey. 


VOL. 1. 
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rtlAKACTERISXIC. 


CLASS II. 


IL 20 ... 2-5. 

G. = 61 ... 6-4. 

1. PiiiSMATic. Prismatic. 

Cleavage, P -i os = 90°, nearly; also Pr + oo and 
Pr 4- 03, one of them highly perfect. 

Prismalic Bismnth^Glancc, J. hi. 19. 

VII. ANTiMONY-GtANCE. Prisinatic. 

Colour lead-grey, not blackish, steel-grey. 
Cleavage, perfect. 

II. = V5 ... 2-5. 

G. = 4-2 ... 6-8. 

G. -under 5*3 : H. = 2*0 : thin laminae 
not very flexible- 
G. above 6*3 : colour steel-grey. 

1. Phis M At I c. Prismatic. 

Cleavage, f r -f 03, perfect in a high degree. Less ap- 
parent,- Pr 4- 03. 

Colour pure steel-grey. 

H. = 1-5 ... 2 0. 

G. = 5*7 ... 5-fl. 

Prismatic Anihnouy Glance. J. iii. 21. 

2. PaisMATOiDAL. Pi'lsmatlc. P = 109'’ 10', 108° 10', 

110 ° 60 '. 

, Cleavage, Pr -I- oo, highly perfect. Less apparent, 
P .- 00 . P 4- 00 = 90° 45'. Pr 4- oo. . 

Cl lour lead-grey. 

II. = 20. 

G. = 4*2 ... 4-7. 

Grey Antimony. J. iii. 23. 

3. Axotomous. Prismatic. 

Cleavage, P — os, perfect. P + oo = lOr 20'; Pr -J- oo. 
Colour steel-grey. 



OltUKlt XII. 


GENKRA AND SRH^JlKS. '*^1 

H. = 2-0 ... 2-5. 

G. = 5-S ... 5-8. 

Jumexointe, iii. 2(J. 

VIII. Melank-&lance. Prismatic. 

Colour iron-black. 

H. = 20 ,..^-5. 

G. = 5-9*... C-4. 

1. Prismatic. Prismatic. Pr = 115°3JP. 

Cleavage, (i'r 4* co)^ = 72^ 13'. Pr -f oo. Indistinct. 


Pnsnmtlc Mcltinc-^Olancv. J. iii. 27- 


Argentiferous Ciyyifcr^Ghince, J. iii. 7*^- 

Jilsmut/iic Silver 9 J. iii. 711* 

Cobalt ic Galena. J. iii« 83. 

... 

Cupreous Bismuth^ J. iii. 81 • 

EucairHe. iii. #84. 

Flexible Stdphurei of Silver. Pmi.L. iii. 30. 

Afolphilcna^Silvcr. J. iii* 127* 

Native Nickel. J. iii* 128. 

Ncedle^Ore. J. iii* 130. 

Scleniuret of Copper. PiiiLL. iii* 150. 

Sulphurct of Silver and AutwionyaViiU'.Z^. iii'. 30. 

Tvnuantitc. ' iii* 181. 

Tin^Py rites. J. iii* 183. 

Yellow Tellurium'? J. iii* 171* 


XII. Order. liLENpL. 

I. Gi-anck-Plende. Tessular. 
Streak green. 

H. = 3-5 ... 40. 

G. = 3-9 ... 4 05. 



dl AW ACT E B I STI C . 


CLASS II. 


4^2 

1. IIexaiiesbai.. Tessular. 

Cleavage, hexahedron, perfect. 

Prismatic Mangaiiese-Pteade, J. Hi. 31. 

II. Gaenet-Blende. Tessular. 

Streak uncolourcd ... f eddish-brown. 

H. = 3-5 ... 4 0. 

G. = 4‘0 ... 4‘2. 

1. Dodecahedral. Semi-tcssular with inclined faces. 
Cleavage, dodecahedron, highly perfect. 

Dodecahedral Zinc~Dknde. <T. iii. 32. 


III. Pceple-.Blende. Plismatic. 

Streak cherry-red. 

H. = 10 ... 1*5. 

G. = 4*5 ... 4’6. 

1. Prismatic. Ileini-prisniatic. 

Cleavage prismatoidal. 

Red Antimony. J. iii. 3C. 

IV. Roby-B’I/Ende. Rhombohedral, prismatic. 

Streak red. 

H. = 2-0 ... 2-5. 

G. = 5-2 ... 8-2. 

O 

1. LiuqMBOHEnRAL. liliombohcdral. 11 = 108° 18^ 
Combinations sometimes different on the opposite ends 
of the Ci'^atals. 

'Cleavage, R. 

Streak, cochineal-red. 

H. = 2-6. 

G. = 5-4 ... 5-9.' 

Rhoinboidal Ruby-Blciide or Red Silver, J. iii. 38. 



UUDKR xiir. 


GENKllA AND SPeJiKS. 




2 . nEMi-PRiSMATic. Ilenii-prismatic. P 4- co = 4 '. 

Inclination of P — co on the acute ed^e = 101® O'. 

- Pr 4-2 

Cleavage, ^ and Pr 4* so, imperfect. 

Streak Sark cherry- red. 

II. = 2-0 ... 2-5. 

G. == 5*2 ... 5-4. 

Var. of 3ark Red Silver, Vulg. iii. 42. 

3. Peritomous. llhombohedral. il = 71® 47'. 

Cleavage, II 4* so, highly perfect. 

Streak scarlet-red. 

II. = 2 0 ... 2-5. 

G. = 6-7 ... 0*2. 

Cinnabar. iii. 44. 


XIII. OiiBEii. suLniuii. 

I. SuLPHUB. Prismatic. 

H. = 1-5 2-5. 

G. = 1-9 ... 3-6. 

1. Prisbiatotdal. Prismatic. Pr = 03® 31'. P 4- » 

= 117® 40'. 

Cleavage, Pr 4- so, eminent. 

Streak lemon-yellow. 

H. = 1*5 ... 2 0. 

G. = 3*4 ... 3-6. 

OrpwicnU iii. 47. 

P 

2. Hemi-Prismatic. Hemi-prismatic. = 130^ 0^ 

Inclination = 4® 1'. 

Pr ‘.j 

Cleavage, — — = CO® 44'. ih* 4- sc. Less distinct, 
2 * ■» 

P 4- so z= 74® 30'. Pr 4- sc. Imperfect- 



ClftxUAf TElUSriC 


CLASS 11. 


435.i 


Streak orange-yellow ... aurora-red. 

H. = 1-5 ... 2*0. 

Cm. = 3-5 ... 3 f;. 

licnli^ar. iii. 43. 

3. ViiisMATic. rris^natic. T = 106° 38^ 04° 68', 143° 17'. 
Cleavage, 1*. P + oo == 101° 00'. Imperfect. 

Streak uncoloured ... sulphur-yellow. 

II. = 1-5 ... 2-6. 

G. = 10 ... 21. 

Suluhnr. iii. 62. 



OKDER 1. 


GKNKllA AND S1 >k|iLS. 


■ 4^.1 


QHARACTERS 

OF THE 

GENERA AND SPECIES 

OF THE 

ORDERS OF CLASS III. 


I. Order. RESIN. 

I. Melichrone-Resin. Pyramidal. 

II. = 20 ... 2-5. 

G. = 1-4. ... 1-6. 

1. Pyramidal. PyramidaL P = 118’’ 4', S45“22'. 
Cleavage, P, imjierftct. 

McllHc, iii. 50. 


II. Mineral-Resin. Amorphous. 
H. = 0 0 ... 2-5. 

G. =0-8... 1-2. 

1. Yellow. Solid. 

Colour yellow ... white. 

Streak uncoloured. 



CfiAlHACTERISTIC. 


CLASS III. 


4^0 


H. = 2 0 ... 2 5. 

G. = 1-0 ... 11. 

Amber* 

2. Black. Solid ... fluid. 

Colour black, bffown, red, grey. 
Streak black, brown, yelloW| grey. 

ir. 0-0 ... 2 0. 

G. =. 0*8 ... 1*2. 

Jilavk MlmraURemu J. 


Retinilc* 


JT. OiiDEii. ' COAL. 

I. Minebal-Coat,. Amorphous. 
H. = 10... 2 5. 

G. =1-2 ... 1-5. 

1. Bituminous. Colour brown, black. 

Liustre resinous. 

Odour bituminous. 

H. = I'-O ... 2*.5. 

G. = 1-2 ... 1*5. 

Biimnlnotts Mineral Coal* J. 

2. Non-Bitu jiiNOus. Colour olack. 

Lustre imperfect metallic. 

Odour not bituminous. 

H, == 2 0 ... 2*5. 

G. = 1-3 ... 1*5. 

Anthracite. 


iii. 67. 

iii. 50. 

iii. 146. 


iii. 61. 

iii. 04. 


Among the remaining minerals contained in the Appen- 
dix, Professor JMoiis proposes to form two new Orders, 
wkich will comprehend nearly the following species : 



APPE^JP. GENTERA ANP SPECIES. ItSt 

i. Ordtr^i to le inseHed between Kcrate and Malachite. 


Black Cohglt^Ochrc. J. 

iii. 7d. 

Kupferindig. llitEiTlIAU PT. 

iii. 118. 

Cupreous Manganese. J. 

iii. 92. 

Black Wad. .it 

ii. 421. 

Plu7nlagaJ^. 

ii. 191. 

Hisingcriic. 

iii. 108. 

Pyrortliite. 

ui. 142. 

Chloropal. 

iii. 85. 

Chloro2)haitc. 

iii. 88. 

JrOH~sinter. .J 

iii. 115. 

ChrysocoUa *. 

ii. 158. 

Allophaiic. 

iii. 89. 

Onlcr^ to he inscalcd Ichcern Mu u tfnd < 

.Sy /(//'. 

Sica tile. 

iii. Ii57., 

AgalmatolUc, 

iii. lUO. 

Serpentine. 

iii. 151. 

!'\thluiiilc. 

iii. 97. 

< iicsccJcilc. 

iii. 104. 

Pinitc, 

iii. 189. 

ICillhiite. 

iii. 'll 7. 

GibbsUe ? 

dii. 108. 

MarmolUe t 

iii. 124. 

Picrolitc. 

iii. 138. 

Picrosmiae. 

iii. 137. 

PyralMile. 

lij. 141. 


Many of these substances have been too impcvfcctly de- 
scribed to enable us to receive them as yet in the system. 
Thi 9 is still mure the case with the lullowiiig minerals, 
some of which, moreover, possess properties apparently so 
discrepant from any of the orders comprised in the system, 


j^itherto contained in V. and Hf. Orders. 
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CHABACTSSlSTIG, 


AFFSMD. 


that no place can yet he assigned to them with any degree 
of probability. 


Afuminite, 

iiL 70* 


iiL 73* 

Arsenical Bismuth, We%H» 

iii. 74. 

^BreMMte. 

iii. 80. 

Hatchctine* 

iiL 108. 

Ilumloldtine, 

iiL 110. 

Ledite, 

iiL 119. 

iSbr^fawa^i^c. 

iii. 155. 

Tarteliie* 

iii. 164. 

TumeritCm 

iii. 166. 

Wagnerite, 

iii. 169. 

Zurlite* 

iii. 176. 
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